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Better Components make Better 
Instrumen's 


517 Power Supply, regulated 
plate voltage, regulated high 
voltage, light weight, long life. 


5841 high voltage regulator 
tube protects the counter tube 
against overvoltage. 


5828 sub-miniature vacuum tube 
gives reliable amplification at 
low power consumption. 


1B85 beta gamma counter tube 
has a standard coax base. 


A STAR IS BORN! 


The Model 389 Thyac accomplishes the transition 
from the past and present interim models to the 


ultimate future beta, gamma survey instrument. 


The design incorporates advance thinking in 
terms of easy and practical field operation cover- 
ing three ranges of gamma radiation intensity 
0.2—-2.0—-20 milliroentgens per hour. Its com- 
pact, rugged waterproof construction with light 
weight (5} pounds) approach the exacting per- 
formance specification of a super beta gamma 
survey meter. The probe assembly lends itself to the 
use of the 1B106 mica window counter tube, 
1B124 gamma ray counter tube, or the 1B125 
cosmic ray tube for added versatility for many 


special purposes. 


Economically priced—write for detailed data sheets. 


$806 HOUGH Le ee 


The Victoreen Instrument Co. ...)..645 3) onic 
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Progress Report 


WITH THIS ISSUE, NUCLEONICS begins its fourth year of publication. Ty 
editors, therefore, feel this is an opportune time to make another progress 
report and to answer certain questions that frequently crop up about ow 
editorial scope and policies. 

When, in September 1947, the first issue went to our readers, there was 
much speculation as to whether there would be enough editorial material 0; 
merit available to keep the journal going. The answer to this doubt 
simply that, in three years, we have published 3,420 pages of editorial matte; 
and that the number of useful contributions awaiting publication is, at this 
moment, larger than ever before. 

At the moment, the number of our readers increases slowly, and the per- 
centage which regularly renews its subscriptions goes up at a satisfactory rate 
Every day we get more requests (which we cannot fill) for the early issues 
from individuals, libraries and others who at this late date wish to complet: 
their files. It is also a matter of some satisfaction to know that the number 
of advertising pages also is growing, although it is also fair to state that 
publishing, in common with other aspects of the nuclear field, is no gold mine' 


THE EDITORIAL SCOPE 


What is nucleonics? And what aspects of this poorly defined field do wi 
attempt to cover? And what does this journal offer that others do not 
These are some of the questions that come up constantly. 

There have been many definitions of nucleonics, and we shall not attempt 
to foist another one upon our readers. We feel there is a special niche in 
which NucLeonics can serve, and we believe that the contributions so fa: 
published and those which are being prepared for publication are unique in 
many respects. 

First let us state that Nuc.Leonics is only incidentally interested in social 
or political matters, important as they inevitably are. NucLEONICs is con- 
cerned primarily with the scientific and technological aspects of this field. 
The processes of nuclear disintegration, nuclear fission, nuclear synthesis, 
all aspects of radioactivity—in fact everything pertaining to radiation—these 
are the broad background subjects in which our editorial interests lie. 

Surely radiation—its nature, its effects, its uses—is one common denomi- 
nator of the work of our readers. We are keenly interested in everything 
that has to do with the growing and tremendously important field involving 
isotopes. To be somewhat more specific, articles on the following subjects 
are under preparation for us, and suggestions for similar subjects will be very 
welcome: dosage calculations, tolerance determinations, health physics in 
general, waste disposal, radiation detection and measurement, attenuation 
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idiation by matter, the biological, chemical and physical effects of radi- 
m, all aspects of the use of isotopes as tracers and sources of radiation, 
lear chemistry, radiochemistry, radiation chemistry, and nuclear reactors 
; used in research. We also feel that educators need all the ideas they can 
which will make it easier to train new workers. Therefore, articles on 

w teaching or demonstration techniques are very welcome. 

[In particular the editors invite contributions which have broad implications, 

ticles which can be read by a large cross section of our audience. Papers 

ich may be written by, let us say, a physicist but which can be read with 
ofit by a biologist, a chemist, or an engineer, will find the editorial door 

le open. In general acceptable articles fall into three broad categories: 
eviews, research and development reports, and technique notes. 

Review papers are generally solicited by the editors, but suggestions for 
such reviews are invited. They can be single articles or a series, depending 
ipon the subject matter. 

Research and development reports are naturally based on specific projects. 
The detail which can be published depends upon the importance of the subject. 

Notes on technique are presently published in the department ‘Cross Sec- 
tions”’ where are found brief notes on laboratory techniques or gadgets, new 
ideas on the use of existing instruments and materials, new methods or short- 
cuts in existing methods developed as byproducts of research. In short it is 
hoped that many items will find publication here, use of which would other- 
wise be confined solely to the individual who thought them out. In effect 
this department will serve as a technical “letters to the Editor’ forum. 


THE EDITORIAL POLICY 


What is it that Nuctreonics has that other journals do not? It has a 
tightly knit readership of people whose primary interest is nuclear science and 
technology. For these readers this journal provides a common meeting 
ground where new knowledge can be disclosed, where new techniques can be 
revealed, new theories can be discussed. 

Nuc.eonics has a policy of quick publication. There are no long delays 
between receiving a manuscript and putting it into print. Frequently, papers 
can be published within three months of receipt. In special cases, publication 
within one month can be arranged. Contributions for ‘Cross Sections” can 
usually be published within one month. 

NucLEONICS pays all authors at the approximate rate of $10 per printed 
page as partial recompense for the expense of preparing their manuscripts. 
Reprints are furnished at cost to authors who wish them. 

Finally, NucLEontcs cannot publish papers which receive wide dissemi- 
nation elsewhere. Our space is too limited for that. Authors working under 
the aegis of the AEC are strongly urged to advise AEC when a report sub- 
mitted to that body is to be offered for publication in Nuc.Eonics and that 
the report is not to be made available by the AEC for public distribution. 


* * * 


In this first issue of our fourth year, therefore, the editors wish to state that 
Nuc eonics is healthy, that suggestions for contributed articles are welcome. 
Nothing makes an editor happier than to receive from a reader criticism which 
may help in improving the editorial service the journal furnishes. 
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Radiation Microbiology: Problems and Procedures” 


Use of radioactivity in microbiology complicates experi- 
mental problems. Methods are presented for handling radio- 
active solutions that are used in culture media. Devices, 
including a recording turbidimeter and an external 
irradiation chamber for growth studies, are described 


By B. A. RUBIN 


Biology Department, Brookhaven National Laboratory 
Upton, New York 


BecAUSE OF their present availability, 
radioisotopes and highly specialized and 
efficient equipment for the production 
and measurement of radiation are being 
widely utilized in many aspects of 
microbiological research. This exten- 
sive use of penetrating radiation is a 
logical extension of microbiological 
studies made with visible and ultra- 
violet light. 

In our laboratory, apparatus and pro- 
cedures have been employed that are 
applicable to many types of micro- 
biological research. Not all the meth- 
ids have been completely satisfactory, 
nor can all be easily followed without 
special facilities. The most practical 
ind useful methods are reported in this 
irticle 

Basic Problems 

Before specialized techniques are 
considered, note should be taken of the 
basic problems encountered in dealing 
with radiation. Many of these prob- 
ems are common to visible, ultra- 
iolet, and penetrating radiations, but 
certain types of radiation pose addi- 
tional problems. 

The disparity of results obtained in 
external radiation studies has been re- 

* Research carried out at Brookhaven Na- 

mal Laboratory under the auspices of the 


8S. Atomic Energy Commission. 
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lated to problems of measurement of 
quantity and the reproducibility of 
quality (wavelength) of the radiation 
(1, 2). For the microbiologist, these 
and other problems are frequéntly cir- 
cumvented because he can deal with 
very small volumes or very thin films. 

In the regions of visible and ultra- 
violet light, the penetration properties 
are so slight that important variations 
in effect can only be avoided with the 
most careful techniques. Most re- 
cently, the striking effects of photo- 
reactivation have further complicated 
the interpretation of ultraviolet radi- 
ations (3). (nterpreting the results of 
“action spectrum’’ studies is compli- 
cated not only by the problems in- 
volved in accurately measuring energy 
over a wide range of wavelengths, but 
also by the occurrence of certain coinci- 
dental and related effects. These prob- 
lems have been evaluated by Blum (4). 

Although it seems that these problems 
would be much less serious when pene- 
trating X-rays are used, important con- 
flicting results have been all too common. 
These also stem from inadequate meas- 
uring and calibrating methods and from 
the failure of most apparatus to pro- 
duce anything like monochromatic radi- 
ation. Backscatter is also a problem— 
inadequately considered by many early 
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(48, 49). 


with these more penetrating rays. 


Genetics. 


microbial genetics, drug 


Biology. 


energy uptake of cell constituents. 





more about the normal metabolic processes (5, 40). 


resistance, 


were noticed shortly after their discovery. 
the biological effects of radiation are numerous and important. 


REVIEW OF RESEARCH |N 


Long before the discovery of radioactivity, microbiologists were studying | 
effect of visible radiation on the metabolism and viability of microorganis::s 
Since then, much has been done to elucidate the effects of s 
radiation on the growth, form, development, etc., of all sorts of organisms 

After the discovery of radioactivity and X-rays, similar studies were m 
Not only were growth and death stud 
but controlled intercellular disturbances were produced in an attempt to k 


Additional studies w 


also made in genetics, biology, and other fields. 


fadiation-induced mutations have provided information abou 
metabolic pathways, development 
strains having increased specific qualities (production of penicillin), ete. (61, 4 


The strongly selective biological effects of penetrating radiations 


At present the reasons for studying 
They involve 


the problems of cancer and radiation damage, photosynthesis, and radiation 


The advantages of using microorganisms in radiobiology was evident to 
Mme. Curie (53), who realized the ease with which quantitative energy measure- 





investigators, but capable of causing 
tenfold differences in results (4, 4). 
Radioisotopes used as external radia- 


tion sources present a combination of 


the same problems, but with greater 
complexity. Early reports of the effects 
of these agents varied—from nothing 
at all to extreme damage. Again, the 
differences were traceable to inadequate 
measurement of the distribution and 
absorption of the radiation as well as 
to the 


materials (6, 7, 8). 


variation of biological test 
More recently, the 
use of internally absorbed radioisotopes 
has added further complexity to the 
calculation of radiation dosage. Selee- 


tive concentration, geometry, decay 
rates, etc., must all be considered before 
an accurate estimate of dosage can be 
made (9). 

Neutron irradiations entail the added 
problem of activation of almost every- 
thing that is irradiated. To obtain 


meaningful results from experiments 


6 


with pile neutrons, as has been done 
by Conger and Giles with higher plants 
(10, 11), a wide knowledge of nuclear 
physies techniques is necessary. The 
methods of calibration and measure- 
ment, and of purification of radiation 
quality, are both difficult and expensive 

Actually, the measurement of radio- 
activity in microbiological experiments 
presents few specialized problems. The 
range of activities measured may be 
quite great, and sometimes the samples 
to be handled are quite small; these 
with the experiment. Radio- 
autographic methods have been used 


vary 


with great success by Libby (1/2) and 
now been extended to include 
finer detail (13). At present, 
the size of the grain in even the best 
film, however, limits the application of 
this type of measurement. 

The general problems encountered in 
conducting tracer experiments have 
been exhaustively dealt with elsewhere 
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RADIATION MICROBIOLOGY 


ts could be applied. Such studies gave rise in large part to current theories 
the kineties of radiation effects, the natural variability of radiosensitivity, 
artificial alteration of sensitivity, and the variation in biological effect of 
different types of radiation (1, 54, 55). By utilizing organisms of graded 
ension and applying radiations of known ion densities, it has been possible 
estimate both the size and shape of ‘“‘radio-sensitive volumes’ (/, 56). 
Most recently, further indication of the mechanism of genetic and lethal 
inges has been demonstrated by the decay of radioisotopes after they had 
en incorporated into the biochemical economy of the cell (6? 
lracer experiments in microbiology with radioactive isotopes have provided 
great deal of the recent knowledge of cellular metabolism, CQO, fixation, photo- 
synthesis, membrane permeability, metabolic pathways and _ utilization of 
race substances (58). Immunologists and medical bacteriologists have made 
ise of tagged organisms and antigens to study pathegenicity and the locali- 
ition of antigens (12). 
Many other researches related to microbiology have utilized radiation tech- 


niques—for the detoxification of antigens, the modification of enzymes, the 


stimulation of bacterial recombination, the selection of radiation resistance, ete. 
The variety of subjects affected seems to include almost every interest in 


bic logy and biochemist ry. 
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(4, 15, 16). They vary with the laboratory. Special dose-measuring 
sotope and the nature of the work. equipment and possibly a monochro- 
It has been pointed out, however, that mater would be needed for visible and 
tracer techniques resemble bacteriologi- ultraviolet radiation. For X-ray ir- 
cal methods in the care that must be radiation, a shielded room may be 
taken to avoid cross contamination and advisable, depending on the quality 
ccidental losses. A few techniques of the radiation produced. For neu- 
pertaining specifically to microbiology tron irradiation studies (and for some 
ive been described (17, 18). types of accelerator ‘“‘rays’’) isotope 
While the control of contamination “activation’’ may influence the labora- 
s a relatively simple matter in test- tory experiments toward the design of a 
tube experiments, the use of animals radiochemical laboratory. For  han- 
reates a problem of an entirely different dling radioisotopes, laboratory design 
order of magnitude. The bacteriolo- problems are more important and more 
gist who has dealt with pathogenic — specialized (24 
organisms will recognize it as the It is possible to conceive of problems 
familiar problem of handling danger- in microbiology which would require 
vusly contaminated animals. A solu- extreme “hot lab” precautions, but 
tion must be sought which combines they would probably be confined to 
hacteriological and radiation methods specialized laboratory organizations. 
19-23). Most present problems can be handled 


ee 





Laboratory design for most types of on a “semi-hot lab” scale. But even 
external radiation experiments need not in the case of low activities and low 
vary much from the usual microbiology energy emitters, radioactive experi- 
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without 
regard to radiation and contamination 
hazards. 
lems of 


ments cannot be carried out 


The organization and prob- 


such laboratories have been 
described in a manner which can readily 
be adapted to many types of micro- 


biological problems (25, 26 


Pre-experiment Checklist 

At the outset of a radiation experi- 
ment, it is advisable, in view of the 
possible problems, to determine in detail 
the requirements for special equipment 
and facilities. 

For external radiation experiments, 
one should be familiar with: 

1. The cost and availability of the 
required equipment, including servicing 
and replacement. 

2. The characteristics, both quanti- 


tative and qualitative, of the equip- 


ment selected. The required dose rate 
must be maintained for sufficient time 
over an adequate area. 

3. The stability and expected life of 
instruments under given conditions of 
power supply, climate, extent of use, ete. 

4. Safety measures, space and shield 
ing requirements. 

For experiments with radioactive sub- 
stances, the requirements are usually 
more complex. One should be familiar 
with: 

1. The the 


energy, absorption properties, and de- 


nature’ of radiation, 


cay characteristics (14, 27) of the iso- 
tope being considered. 

2. The chemistry of the element— 
adsorption properties, complex forma- 
tion, volatility, method of preparing 
the chemical 
form in which the isotope is required. 


counting samples, and 


3. The availability of the isotope in 
the form and quantity required (28). 

4. Requirements of 
monitoring equipment, including re- 
placement parts and service. Effici- 
ency and time requirements for ade- 
quate counting 
as well (29, 30). 


counting and 


must be considered 


5. Safety shield 


handling 


requirements, 
special instruments, w 
disposal problems and contaminat 
control (31, 32). 

6. Administrative 
ance, ete. (26). 

7. Limitations of 
specific activity requirements, exchar 


practices, ins 
isotope metho 


reactions at equilibrium (33, 34), n 
uniform isotope reaction rates (35 


PROCEDURES AND APPARATUS 
The procedures and apparatus d 

scribed in the following pages we: 
developed in this laboratory with thy 
idea of eliminating as many difficulties 
and satisfying as many of the preceding 
requirements as possible. As presented 
here, they follow as well as possibl: 
the 
microbiological radiation experiments 


step-by-step procedure used i 


Isotope Concentration 
In the preparation of isotope solu- 
tions to be used in a culture medium 
for radiation or tracer purposes, several 
chemical manipulations may be neces- 
To utilize the 
advantages of employing microorgan- 


sary. one of major 


isms in radiation—high 


tivities—it is frequently necessary to 


specific ac- 


concentrate the solutions obtained from 
the U. 8. AEC Isotopes Division. To 
avoid contamination, this 


be done very carefully. 


area must 

Although a completely closed system 
is preferable, the simple set-up seen in 
Fig. 1 has been quite satisfactory 
The condenser 1s simply an inverted 
funnel with an inner rim and a drain 
the 


spreading contamination and repeated 


to catch condensate. To avoid 
adsorption losses, the evaporation may 
be conducted in the original 
More recently we have used 
flasks, for greater safety 


vial 
quartz 
and because 
needed later 
Although the liquid is never 


a transfer to quartz was 
anyway. 
allowed to boil, evaporation is fairly 
rapid—5 to 10 ml/hr. The solution 
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be evaporated to dryness and the 
ount of water needed to give the 
sired specific activity added; this is 
ther risky, except when evaporating 
quartz. An approximate concen- 
ition may be reached by comparing 
liquid level with a calibrated bottle. 

The handling, pouring, preparing, 

of the vial should follow the usual 

iutious radiochemical techniques (32). 
Note, in Fig. 1, the steel pan and the 
bsorbent paper covering of the hood 
surface. After many concentrations 

th the same ‘funnel,’ however, it 
still is not detectably contaminated. 

It is frequently essential to adjust 
the reaction of the concentrated solu- 
tion. This was done here by titrating 
i small aliquot; this fraction could also 
be used for analytical determinations 
n the case of P*? solutions, the con- 
centrate was maintained at acid pH, 
ind neutralized only when in the final 
nedium (in the presence of the maxi- 

im carrier level for the particular 
experiment) in order to minimize 


idsorpt ion losses (36 


Sterilizing the Solution 

When the radioactive solution is 
hemically ready to be added to the 
nedium, the problem of sterility must 
be considered. It has been the policy 
not to autoclave radioactive solutions. 
Unless the autoclave is most cautiously 
managed, the chances of boiling and 
ontamination are great. An apparatus 
ising ultraviolet ‘‘sterile lamps’’ was 
constructed here for the purpose of 
safely handling and rapidly sterilizing 
radioactive solutions. It contains four 
8-watt “germicidal lamps’’ mounted 
in the corners of a box of polished 
aluminum which is backed by 14-inch 
iluminum sheet for beta shielding. 
Mounted in the cover is a grasping 
device to hold quartz flasks or tubes 
in which the solutions are to be ir- 
radiated; the cover is also faced with 
polished aluminum but backed with 
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FIG. 1. Concentration of P** solution by 
slow evaporation 


brass. The grasping device is made 
of flexible brass arms with soft rubber 
tips. These tips grasp the flask firmly, 
with little danger of crushing by the 
mechanical tightening 

In a test with a solution containing 
about 3,000 organisms (B. subtilis 
added) per ec, absolute sterility was 
achieved within 60 seconds. Actual 
radioactive solutions contained few 
if any live organisms (especially after 
the concentrating procedure described 
previously). In any case, the solutions 
were irradiated at about pH 3 for at 
least five times the test period. This 
procedure consistently provided steril- 
ity. The radioactive solution could 
then be sterilely pipetted into previ- 
ously autoclaved media. 

There may be some objection to 
the use of ultraviolet for this purpose 
because of the possibility of reactivation 
(3) or production of mutagenic sub- 
stances in the solution (37). The first 
objection is met by supplying many 
times the required ultraviolet dose 
and then keeping the solution enclosed 
in an opaque shield; the second by 
irradiating the solution when it con- 
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tains only the inorganic isotope solution 
and holding it for a long enough period 
to allow for the decay of the reactive 
radicals (peroxides, ete.) (38 

An alternative to both 
ultraviolet is the recent development 


heat and 
of chemical sterilization methods which 
do not appear to affect the properties 
of culture media; ethylene oxide is 


perhaps the most favorable of such 


agents (39). 


Pipetting 

Distributing the sterile radioactive 
solution requires special pipetting meth- 
ods. It is a general rule, in labora- 
tories handling radioactive solutions, 
that pipetting not be done by mouth. 
Mechanical pipetting methods suitable 
for this purpose have often been con- 
sidered for bacteriological purposes, 
and many commercial pipetting devices 
are already available (17). 

Primary, or hot, 
should be done behind a shield-and as 
both 
radiation exposure and the possibility 
A satisfactory ar- 


very pipettings 


rapidly as possible, to reduce 
of contamination. 
rangement is seen in Fig. 2. This set- 
up, using a }9-in. leaded-glass shield, 
is for work with beta emitters and 
low gamma activity. High 


gamma activity could utilize a some- 


levels of 


what similar arrangement, but with a 
lead shield and a sys- Salads 
tem of mirrors. V7" 
The pipette holder 
provides horizontal 
motion mechanically 
and vertical 
electrically. 


motion 
Horizon- 


containing high levels of beta activity 


The pipetting device in Fig. 2 was 
found to be satisfactory for accurat: 
pipetting of volumes of 0.1 to 2.0 ml 
For larger amounts of liquid, a simp| 
syringe set-up was used. 

For microbiological purposes, it is 
able to exchang 
None of the “bulb’ 
considered 


necessary to be 
pipettes rapidly 
type pipettes were satis- 
factory in this respect; they also wer 
control. Generally, 


provided by a 


too uncertain in 
the positive control 


syringe is simplest and most reliable 


Remote Handling Devices 


For high levels of beta activity, 


tubes require special handling or the 








tal motion in the third 
dimension is provided 





by a “trolley”? on a 
track which 
what longer than the 


is some- 


—fi 
<3 . 





shield. A pipette hol- 
der somewhat similar 
in principle is commer- 
cially available (40). e 3 


10 


a -. 
vy 


*Positive-grip” handling instruments 
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itor soon receives the maximum 
iissible exposure (4/). Several 
s of remote-control handling in- 
ments which have been designed 
fairly satisfactory (Fig. 3). Gen- 
ly the ‘‘positive grip” principle 
been followed; that is, the tubes 
firmly held by the instrument 


thout effort. Pressure is required 
pick up or to release them. The 


re 
eae 
ig 
= i 


FIG. 4. Lucite test-tube racks with 
metal-capped sterile tubes 


safety value of such an arrangement is 
mportant and has long been utilized 
for this kind of work (42). 


Cotton Plugs 

One of the problems in handling 
vhich is largely peculiar to micro- 
iology is related to the use of cotton 

These are difficult to handle 

instruments and are one of the 

most serious sources of radioactive 

ontamination. When used in tubes 

containing active solutions, they tend 

to absorb some of the liquid from the 
inner surface of the tube. 

The problem was resolved in two 
ways. Whenever possible, outside 
metal caps made by the Aloe Company 
ire used (Fig. 4). Where it is ab- 
solutely necessary to use cotton in 
flasks or centrifuge tubes, a special 
grasping device (Fig. 3) was used. It 
s also a positive-grip instrument which 
icts like a ‘‘snare,”’ holding the cotton 
together firmly so that it may be 
replaced easily. The design of such 
andling instruments is dictated by 
the isotope and the problem (40, 43). 
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Centrifugation 

Centrifugation of radioactive cul- 
tures presents a great potential hazard 
Should a tube break, it is quite probable 
that the centrifuge will become highly 
contaminated. In handling cultures 
sterilely, there is the additional problem 
of the cotton plug: it is almost im- 
possible to avoid contaminating it in 
the process of repeatedly washing a 
culture. The device shown in Fig. 5 
has been designed to hold a cotton- 
plugged centrifuge tube. The lower 
half is a commercial centrifuge carrier 
cup on which a thread has been welded. 
The cap is made of machined aluminum 


FIG. 5. Centrifuge tube carriers de- 
signed to completely enclose tubes con- 
taining radioactive solutions 


(a heavier cap was found unsatis- 
factory), adjusted so that all of the 
sets (caps and carrier have serial 
numbers) have approximately the same 
weight. It is advisable to have several 
extra sterile centrifuge tubes handy, 
so that contaminated cotton plugs can 
be readily discarded 


Hoods 
High activities are best confined to 
as small a laboratory space as possible. 
The confined area is usually some type 
of modified hood. A good deal of 
thought has been given to the design 
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FIG. 6. Lucite holder_ for 


flasks 


volumetric 


of hoods for radiochemical procedures 


sy 


(24, 44). The exact design depends 


on the levels and types of activity 


used. For microbiological purposes it 
was decided to add two 15-watt sterile 
lamps to the hood lighting system. 
Generally the hood should be somewhat 
more spacious than usual if there is 
to be any success in confining high 
activities. 

Provisions were made for the possi- 
bility of using the hood as a dry box. 
The technique of completely sterile 
‘inoculating chambers” is familiar to 
(19). The dry- 
box technique is extensively used with 


most microbiologists 


alpha emitters and with C', where it 
may be conveniently combined with 
the “‘sterile chamber” technique. 


Storage of Solutions 

It is necessary to store radioactive 
solutions in various vessels. The origi- 
nal stock solution is kept in the quartz 
flask in which it was sterilized. This 
kind of flask is held in a Lucite shield. 
beta 
shielding because of a combination of 


Lucite is used extensively for 


It is composed 


desirable properties. 


entirely of low atomic weight elements 
which produce soft 
‘‘Bremsstrahlen.”’ It is easily machined 
and fabricated and its transparency 
is very useful. 

Test tube racks. Shielded test tube 
racks are needed in microbiology very 
often and in quantity. Figure 4 
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can only very 


shows the most satisfactory rac} 
use here, from the point of viey 
and fabricat 
Tubes are easily reached in this 
with handling instruments. 


shielding ease of 


Volumetric Dilutions 

For radiation counting it is usu 
necessary to make careful volum« 
dilutions of various solutions. ‘1 
diluting fluid need not be water; dilute 
solutions of various salts (NaH2PO, for 
P*? counting) reduce the adsorptio: 
loss and may contribute a great dea! 
to the accuracy of the counting (7 
For diluting I'*' solutions, it is 
portant not only to add earrier iodin 
but also to keep the solutions alkalin: 
and “reduced.” 

Figure 6 shows the kind of holder used 
flasks for dilutions oj 
radioactive liquids. A certain amount 
of shielding is provided by the Lucit: 
but more important is the stability o/ 


for volumetric 


the flasks, which would produce an an- 
noying contamination if tipped. 


Petri Dishes and Cultures 

Plating of radioactive microorganisms 
on petri dishes is best done by two 
people, one of whom manipulates thi 
dishes while the other pipettes with one 
of the mechanical devices previously 
The “triple agar layer’ 
method, in which the radioactive layer 


discussed. 


is sandwiched between two ‘‘cold” 
agar layers, is always used in this 
This method is useful in 
preventing spreading of the organisms 
and for detecting bacterial contamina- 
tion. It also has proved useful when 
the dishes were decontaminated at the 
end of an experiment. Even when 
there was as much as 2 me of P* in a 
dish, the activity could frequently be 
entirely removed with the agar. At 
for phosphorus the agar acts 
very firm absorbent, making 
possible rapid cleaning and re-use o! 
the petri dishes. 
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laboratory. 


least 
is a 








s long as the covers are on the 
i dishes, the amount of radiation 
h escapes in P*? experiments is 
lly negligible. But when it is 
ssary to pick radioactive colonies 
1 open dishes, the radiation becomes 
ortant 
lo minimize operator exposure dur- 
picking, a modification of a device 
d at Oak Ridge (15) is used. This 
paratus, in effect a small shielding 
is shown in Fig. 7 in detail; the 
er picture shows it in use. The 
ly of the box is made of 1%-in. 
ite; the cover and a section of the 
k are optically-coated 14-in. plate 
ss. This arrangement was neces- 
because many of the colonies 
iid be seen only with the aid of 
stereoscopic microscope. Additional 
nformation about the shielding box 
given in “About the Cover.” 
The contaminated picking needle 
should not be placed in an open flame, 
ce spattering may occur. This, too, 
a familiar problem to the micro- 
ogist \ heated tube, as shown 
the cover picture, or a dip into 
ohol before flaming can be used. 


Turbidimeter for Growth Studies 
Many problems in radioisotope work 
th microorganisms require the grow- 
g of the organisms in_ radioactive 

solutions. There have been reports 
which seem to indicate that even 
e smallest amount of radioactivity 


re 
a 
¥ 


FIG. 7. Box for picking beta-radioactive 
colonies 


Vol. 7, No. 3 - September, 1950 


will destroy bacteria. But many in- 
vestigators have succeeded in growing 
microorganisms in highly active solu- 
tions. This apparent contradiction is 
resolved when one notes that the 
composition of the suspending medium 
is important in determining whether the 
organisms grow or die (46 

Because the effect of radioactivity 
on growth is important, studies of the 
development of cultures in radioactive 
solutions are frequently necessary. In 
cases of high activity (up to 10 me/ml 
has been used), frequent handling of 
the tubes would very quickly provide 
a maximum permissible exposure to the 





ABOUT THE COVER 


UCITE BOX is used to protect 

operator while picking radio- 
active microorganism cultures in petri 
dishes at Brookhaven National Labor- 
atory. Plate-glass top and section of 
the bottom make accurate observation 
with a slereoscopu microscope pos- 
sible. Inoculating needle is intro- 
duced through an opening in the side; 
80% of the dish can be reached. The 
dish can be rotated from outside the 
box, and the petri-dish cover can be 
removed and held sterilely with the 
grasping arm. Note that a covered 
flame is used for sterilizing the needle. 
More information is given in the text 
on this page. Construction details of 
the box can be seen in Fig. 7. Photo 
from Brookhaven National Laboratory. 
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FIG. 8. 


Recording turbidimeter 


experimenter. More careful handling 
would make the determinations quite 
inaccurate because of repeated tem- 
perature changes; it would also limit 
the experiments to the small number 
of tubes which could be conveniently 
handled. 

To follow 


culture media continually, the auto- 


growth in radioactive 
matie recording turbidimeter shown in 
Fig. 8 was constructed. This instru- 
ment provided detailed, accurate and 
easily-computed growth curves of as 
many as 24 cultures simultaneously, 

tur- 


Prior to construction of the 


bidimeter, a study was made with a 
Beckman 


deviations 


spectrophotometer of the 


from linearity that could 
be expected in turbidity measurements. 
The Fig. 9 that 


when the density of a bacterial suspen- 


curves in indicate 
sion becomes great, an ever-increasing 
proportion of the light passing through 
the suspension is scattered rather than 
transmitted. A system of collimating 
slits reduced the effect of scattering, 
but the amount of light transmitted 
was reduced too. This wasovercome in 
the final design by the use of a sodium 
This 
with 


lamp. intense source provides 


light a wave length of about 


590 myu—very close to the maximum- 
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FIG. 9. Response of a Beckman spectro- 
photometer to prepared dilution of a 
bacterial suspension 


transmission wave length for most 
culture media. 

Besides fulfilling optical requirements, 
the final design provides a mechanical! 
system for transporting culture test 
tubes into reading position, a constant- 
bath, magnetic 


stirring of the culture suspensions, and 


temperature water 
an electronic circuit for measuring and 
recording the light transmission. Con- 
struction details are shown in Fig. 10 
Mechanical system. 
ratchet-driven stepping device is used 
to transport the tubes in the holder 
(Fig. 10). The holder can be moved 
either one or two steps at a time. 


A eam-operated 


A wide range of reading frequencies 
possible. The 
frequency is one reading every 33 
seconds. Each of 24 tubes, then, is 
read every 12.8 minutes; if 12 tubes 
are used, each is read every 6.4 minutes 
The most rapid reading mechanically 


is thus made usual 


possible is one every 5.5 seconds, with 
12 tubes read at 1.1-minute 

The possible rate 
is one reading each 66 seconds (25.6 


each of 
intervals. slowest 
minutes per cycle). 

The limiting factor in the maximum 
reading rate that could be used was 
the low speed-of-response of the am- 


meter, an Esterline-Angus. A more 
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FiG. 10. Plans for recording turbidimeter. Note that stirring and drive mecha- 
nisms are omitted in front view for clarity 

rapidly responding ammeter would necessary to provide a reservoir not 
ive permitted greater expression of shown in the illustrations. For this, 

mechanical potentialities. a five-gallon battery jar was used. A 
Constant-temperature bath. Thean- ‘‘merc-to-merc’’ thermostat in the jar 
ilar water bath in which the tubes was used to control the temperature. 
‘tate is made of %-in. iron wall, Water is pumped into the annular 
vhich absorbs most beta radiation. bath and recirculated by means of the 
rhe small size of the bath made it overflow holes. The level of the water 
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can be controlled by varying the speed 
of the pump. 

Magnetic stirring. A rotating mag- 
net driven by a clock motor was used 
to actuate glass-covered iron slugs 
placed in the bottom of each tube. The 
rotating magnet was located two places 
before the reading position. This ar- 
rangement allowed intermittent  stir- 
ring. The liquid in the tube comes to 
rest by the time it is read. 

Electronic circuit.* Preconstruction 
tests already discussed showed that 
bacterial population is directly propor- 
tional to the negative logarithm of the 
transmitted light when the optical 
density of the culture is low. But as 
the density increases, this propor- 
tionality fails (Fig. 9). A “‘linearity 
adjustment’’ was, therefore, provided 
in the electronic circuit. 

By judiciously selecting a value K 
in the expression — log (L — K), where 
L is the light transmission, one gets 
a quantity which is more nearly pro- 
portional to the population over a 
greater range of densities. The elec- 
tronic circuit (Fig. 11) measures the 
light intensity and calculates and 
records — log (L K). This is ac- 
complished as follows: 

The light from the sodium lamp is 
modulated by a power oscillator at 
2,000 cps. The detecting circuit of the 
photocell is synchronized with the 
oscillator so that stray 60-cycle light, 
amplitier pickup and microphonics do 
not seriously affect the reading. 

The light signal from the photocell 
is amplified in a stabilized feed-back 
circuit with a gain of about 3 x 104. 
The amplifier is made up of three 
cascaded feed-back loops and includes 
a parallel ‘‘tee’’ network tuned to 
suppress 60-cycle pickup. The 2,000- 
eps output of the amplifier is fed to a 
synchronous rectifier which is sensitive 


*The electronic circuit was designed and 
built by W. A. Higinbotham and R. L. Chase 
of the Electronics Division of this laboratory. 
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FIG. 11. Circuit diagram of recording 
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only to that frequency. The output 
of the rectifier is added to an adjustable 
voltage AK—the linearity adjustment 
and is fed into the computing circuit. 
A multivibrator generates a 400-ceps 
square wave which controls an ex- 
ponential generator and a ‘“‘flip-flop”’ 
which starts a linear sweep generator 
The output of the exponential generator 
is a voltage of the form e~@. This 
voltage is compared with the input 
signal; when the two are equal a 
comparison circuit retriggers the ‘“‘flip- 
flop,” restoring the linear sweep to 
zero. A peak-reading vacuum-tube 
voltmeter measures the peak value of 
the linear sweep, which is proportional 
to the value of ¢ at the instant that 
e-* is equal to the input signal. At 
this instant the input L + K = e~* 
ort = —(l/a)In(L+K). The read- 
ing of the voltmeter is therefore pro- 
portional to — log (L + K) and is a 
linear function of the culture density. 
A sensitivity adjustment is available 
which increases the spread in the range 


of low density. For reference pur- 
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ses the values at each sensitivity 

tting can be compared to a den- 

measurement in a Beckman 
ctrophotometer. 

Calibration and operation. Cali- 

tion of the instrument is accom- 

shed by preparing serial dilutions 
the bacterial suspension to be used. 
he instrument is adjusted until the 
sponse 1s directly proportional to the 
nsity over the entire range (Fig. 12). 
At least two test tubes are used for 
ich variable since the accuracy of 

he turbidimeter is limited by the 

iriability of the tubes. Since many 

ibes are required, a_ special effort 

is made to obtain reproducible 
transmission properties. The tubes 
re made out of 10-mm tubing which 
vas carefully selected. Flat bottoms 
vere provided to give maximum usable 
ransmission area and to permit more 

ficient stirring by the magnetic 
ystem. Differences in tube trans- 
‘ission could be accounted for in 
xperiments by comparison of initial 
eadings. No automatic zero adjust- 
nent was provided; this made water 
nd media controls necessary, but con- 
trol readings were easily subtracted from 
the plotted density. 

Experimentally, the smallest volume 
studied was 2.5 ml per culture. Choice 
if the volume to be studied is governed 
y the fact that the size of the total 
olume and the shape of the vessel in 
vhich a solution is held affects the 


FIG. 12. Calibration curve plotted on 

recording turbidimeter. Serial (1:1) di- 

lutions of a bacterial suspension were 
used 
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FIG. 13. Data obtained with the re- 
cording turbidimeter. Optical density is 
proportional to growth of culture 


ionization dose received by each unit 
volume, even though the specific con- 
centration of a radioisotope is the 
same throughout the solution (9). 
Results. An example of the growth 
curves obtained is given in Fig. 13 
Note the sharp change in slope in the 
case where growth is not limited by 
pH, compared to the gradual change 
in a poorly buffered media. Notice 
also the reproducibility of the curve 
characteristics when the onset of 
growth is delayed by radioactivity. 


External Irradiation Studies 

The work of others, as well as our 
own, now clearly shows that it is pos- 
sible to grow microorganisms dur- 
ing continuous radiation. The same 
amount of radiation applied to the 
same organism more rapidly or in a 
nonnutrient medium would reduce 
the population. The study of the 
effect of radiation produced by _ iso- 
topes while they are being metabolized 
differs therefore from the usual radia- 
tion techniques—irradiated populations 
increase instead of decrease (47). If 
it is necessary to compare “‘internal’’ 
isotope irradiation with the effect of an 
outside radiation source, a system 
must be devised in which growth can 
take place during irradiation and in 
which all of the organisms are as 
uniformly exposed as in the case of 


17 


> 
: 
; 
i 
, 
‘ 
‘ 


Tere oe 














STIRRER——~ 


WATER BATH gs. 


ye THERMOSTATIC SWITCH 


REMOVABLE 





CONTROL BOX “8 
of 


HEATING ELEMENTS _4-T] 








. SOURCE HOLDERS 


AIR CHAMBER 


THIN PLASTIC 
WINDOW 


' 
N GLASS- COVERED 
2a) an AGITATING MAGNET 
of, Sha——-— DRIVING MAGNET 
DRIVEN PINION 





BLOWER—~ 





STATIONARY RING GEAR 
AIN SHAFT & GEARS 








FIG, 14. 


the uniformly distributed radioisotope 
in solution. 

The apparatus constructed for this 
Fig. 14. 
The 


a water bath which con- 


purpose is diagrammed in 


It consists of two chambers. 
outer one is 
trols the temperature of the inner air 
chamber. The thermostat which con- 
trols the heaters in the water bath is 
in the air chamber. 

In the inner chamber is a rigid post 
mounted in ball bearings, on which 
seven tubes held in three thin, circular 
plates are fixed. The post is rotated 
by a gearhead motor located outside 
of the Under 


position is a strong permanent magnet 


chamber. each tube 
that is attached through a set of bear- 
These small 
gears mesh with a fixed ring gear so 
that when the table turns the small 
gears are given a secondary motion. 
The total effect is to have all the tube 
rotate around the central post while 
a more rapidly rotating magnet travels 
The total effect of the 
the 


ings to a small gear. 


with each tube. 


apparatus is to rotate tubes 
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External irradiation chamber for growth studies 


rapidly (160 in front of the 
irradiation source, so that the average 
Within 
each tube is a small glass-encased bar 
magnet rotating at approximately 1,000 


rpm) 


effect on each tube is the same. 


rpm; this provides vigorous stirring 
for even distribution of dose among the 
organisms in suspension. 

A partially disassembled view of the 
Note 
that the tubes are as close as possible 
to the outer window. This window, 
a double sheet of a very thin plastic 
material, is easily removable and can 


apparatus is shown in Fig. 15. 


be replaced with a quartz plate for 
ultraviolet irradiation. The apparatus 
can also be used for irradiation with 
external isotope sources or particle 
accelerators. 

The problem of dosage is managed 
by introducing a calibrated ionization 
chamber into a tube of exactly the 
same dimensions as the sample tubes. 
This tube is rotated in the radiation 
field and periodic readings taken. The 
dose per unit time (or total dose up 
to 2,500 r) can be found. For longer 
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FIG. 15. View of partially disassembied 
external irradiation chamber. Stirring 
motor is at left; control box is at top 


rradiation the ionization readings are 
ised to calibrate an integron, fixed 
n some arbitrary position. This in- 
tegron has been modified to recharge 
1utomatically and can be used to con- 
tinuously determine radiation dose. 

An irradiation set-up using an X-ray 
machine is seen in Fig. 16. In this 
set-up organisms were grown for 
10 hours while being continuously 
rradiated at the rate of 5,000 r/hr 
The ability to simultaneously and 
equally irradiate cultures in different 
media makes this apparatus adaptable 
to a wide range of problems. 

Since the tubes were rotated so 
rapidly, it was impossible to see 
whether the magnets were actually 
stirring efficiently. The centrifugal 
force could be sufficient to throw the 
magnets and the organism to one side 
Several high-speed movies taken of 
the apparatus in motion showed that 
the magnets were rotating and the 
liquid was well stirred (Fig. 17 

* * * 
The author cannot claim that any of the 
material in this paper is completely original; 
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FIG. 16. 








Irradiation chamber in place in 


an X-ray field for growth experiment 





FIG.17. Frame from high-speed motion 
picture film of tubes in motion in irradi- 
ationchamber.* Note ionizationchamber 
for dosage determinations in place in tube 


* These movies were taken by John Garfield 


and the Photography Section of this laboratory . 
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many devices are simply modifications of | nation of the ideas and suggestions 
associates in the laboratories, in the machi 
shops and in the electronics division 
Brookhaven National Laboratory. 


previously used equipment, described in the 
literature cited. The actual design of the 
present equipment was produced by a comhi- 
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DOSIMETRY OF THIN POLONIUM SOURCES® 


The ionization due to uniformly deposited, thin plane films 
of polonium is important in biological experiments. This 
paper presents the calculation of this ionization and de- 
scribes' a method whereby such sources may be assayed 


By HARALD H. ROSS! and R. HOBART ELLIS, Jr. 


Radiological Research Laboratory, College of Physicians and Surgeons 
Columbia University, New York 


ONE OF THE MOST arresting aspects of 
the biological action of radiation lies in 
the dependence of biological effective- 
ness on specific ionization. In studies 
of this subject, the effects of X- or 
gamma radiations are often compared 
with the effect of alpha radiation, 
the most densely ionizing radiation 
of which sources are readily available. 

There are essentially two methods of 
rradiation with natural sources. The 
first employs radon which is dissolved 
in the tissues or solutions under investi- 
gation inside a hermetically sealed 
vessel. This permits irradiation of 
large objects, and theoretically the 
computation of dose requires only in- 
formation on the initial concentration 
of radon per unit mass of solid. Be- 
sides certain technical complications in 
the handling of the active gas and the 
unavoidable presence of beta and 
gamma radiation, the main weakness of 
this procedure lies in the often un- 
proved assumption that both radon and 
its immediate short-lived decay prod- 
ucts are uniformly distributed. 

The alternate method of alpha irradi- 
ation consists of exposure to an external 
source. In this case the material to be 
irradiated must be spread in a thin 
film if uniform irradiation is desired 


* This paper is based on work performed 
inder Contract AT-30-1-Gen-70 for the Atomic 
Energy Commission. 
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On the other hand, selective irradiation 
of such materials as cell membranes and 
the exterior portions of cytoplasm is 
possible because of the low penetrations. 

The sources used are either an active 
deposit of radium (Ra C’ alphas) or 
polonium. The thickness of the source 
is usually small compared with the 
alpha range, except in the case of 
polonium, where a certain amount of 
diffusion into the backing material may 
occur during long periods of time. 

Although the sources used in such 
work may have various geometries, a 
plane source has the advantage of being 
amenable to a fairly rigorous mathe- 
matical treatment. The dose can be 
both caleulated and measured at any 
point above the source. 

Ixperimenters have used various 
measures of alpha dosimetry in the 
past, in most cases neglecting the vari- 
ation of specific ionization along the 
path or assuming such a geometry that 
this variation approximately averages 
out. In 1932, Zirkle (1) described 
computations for finding the number of 
alphas traversing the object irradiated. 
In 1940 (2), he modified this method 
to the extent of multiplying this num- 
ber by the appropriate specific ioniza- 
tion read from the Bragg curve. The 
sources used were small polonium disks. 

In 1935, Ward (3) measured doses in 
‘‘millicurie seconds”’ at a fixed distance 
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FIG. 1. Geometry for theoretical calcu- 
lation with uncovered source 
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FIG. 2. Alpha flux to be expected at 
various distances above the centers of 
sources of different radii 


from his source and multiplied by the 
Bragg-curve value for this distance to 
compute ionization. 


CALCULATION OF DOSE 
Flux 


It is possible to make a simple caleu- 
lation of the flux of alphas above a thin 
plane source if backscatter and strag- 
gling are neglected and if it is assumed 
that the particles travel in straight lines 
(i.e. that scattering is negligible or 
averages out). 

To facilitate discussion in the follow- 
ing paragraphs, it is convenient to 
introduce the concepts of a ‘‘maximal 
source”? and of an “effective source 
area.”’ A source will be called maximal 





if an increase in source area does n 
lead to an increase in flux at the poi: 
in question; otherwise it will be eall 
submaximal. Thus, if the flux at t! 
surface of the source is considered, t! 
radius of a maximal source must | 
equal to or larger than the alpha rang: 
For the flux at some distance, h, abo, 
the source, the radius of a maxim 
source may be smaller. Specifically 
if R is the alpha range and p the soure 
radius, the condition for a maxima 
source is p? > R? — h?. A submaxima 
source will be one where p? < Rk? — h 
The quantity r(R? — h?) will be ealled 
“effective source area.’ The dos 
associated with a maximal source wil! 


sé 


be called a ‘‘maximal dose.” 

Referring to Fig. 1, it will be seen 
that dN, the number of alphas origi- 
nating from the annular ring of width 
dr and crossing dA is given by 

dN =CdA cos @ rdr/2l? (1 
where C is the number of alphas iso- 
tropically emitted per unit time per 
unit area of source. 

Since /? = h? + r2, it follows that 
rdr =ldl. Also, cos a =A/l. Then 

dN = (Ch/2l?) dl dA (2 

For a maximal source the flux at h 

will be equal to 


R 
F = (Ch 2) dl /l? 
h 


= (C/2)(1 —h/R) (3 
For a submaxial source the upper 
limit of the integral must be changed to 
\/p? + h? for all values of h for which 
this expression is less than R. Figure 2 
shows a plot of F versus h for polonium 
sources of various radii. The values 
are for air at 760 mm Hg and 15° C. 


lonization 


While a determination of particle 
flux is a simple integration, calculations 
of energy loss in a medium such as air 
involve numerical integration, since 
there is no satisfactory analytical ex- 


pression for the energy loss per unit 
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FIG. 3. Dose delivered by a maximal 
thin source of polonium alphas with an 
activity of 1 mc/cm*. Scales at left and 
bottom give ionization in dry air at 15° C 
and 760 mm Hg as a function of distance 
from plate. Scales at top and right give 
energy delivered per cm‘ of water as a 
function of residual range 


path as a function of particle energy, E. 
The energy imparted to a volume 
ihdA by the alphas in Eq. 2 will be: 
ac SxS xce nS «&. 
2 [2 dl cos @ 


C dl dE 
de = 9X7 qW* dAdh (A) 
Therefore the energy imparted per 
unit volume, D, is 


D=«l RdE | 
eae 


Since dE /dl is a slowly varying fune- 
tion of /, this may be written 


1E 
(: ) (loge nai — loge ln) 
dl Jn 
(6) 
lo =h;ln=R 
For reasonably large values of N, 
this expression will hold with good 
accuracy everywhere except near / = 0, 


where the integral diverges. How- 
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ever, this point is of little interest 
because of the finite thickness of prac- 
tical sources. 

The result of the numerical inte- 
gration is given in Fig. 3. The values 
for dE/dl were obtained from the 
values for dE/dx (with r =R-—l 
given by Livingston and Bethe (4). 

The curves give the ionization in 
esu/min/em® of air at 15° C and 760 
mm Hg for a maximal source of 
1 me/em? of polonium, assuming that 
the average energy expended in the 
production of an ion pair in air (W'4) is 
35 ev. A secondary scale gives the 
corresponding values of rep/min as a 
function of residual range in water 
(1 rep = 83 ergs/gm). In computing 
the values for the secondary scale, 958 
was assumed for the linear stopping 
power of water relative to air.* 

Figure 4 is an integral of Fig. 3 giving 
the total ion-current /em? as a function 
of plate separation for a parallel-plate 
ion chamber having on one plate a 
polonium activity of | me/em?. 


Influence of Absorbing Foils 

It will be seen from Fig. 4 that the 
current density obtained with a maxi- 
mal source of 1 me/em? in a parallel- 
plate chamber will reach 9 ywa/em? 
at separations which are equal to or 
greater than 3.8 cm. While plates of 
such activity can be used advantage- 
ously for biological work, the ion 
density is too large to be measured with 
certainty, because some recombination 
may be expected at practical collecting 
field intensities. However, if the gas 
pressure in the chamber is lowered to 

* The secondary scale has been added for use 
in biological experimentation. It is realized 
that the stopping power for water may be 
different from the value used, which was ob- 
tained by a computation of the stopping power 
of a stoichiometric ratio of hydrogen and 
oxygen. Appleyard (5) in recent measure- 
ments confirmed earlier work [Michl (6), 1914, 
Philipp (7), 1923) according to which the 
stopping power of liquid water is higher than 
the value given. Appleyard finds the differ- 
ence to be 13%. Using his values, the rep 
scale should be compressed 13% and the resid- 
ual range scale stretched by 13%. 
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FIG. 4. Ionization produced in a volume 

above an alpha plate as a function of the 

height of the volume. Obtained by 

integration of the curve of Fig. 

Strength of the alpha plate is 1 mc/cm’, 
and the source is maximal 
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FIG. 5. Geometry for covered source 











lessen the effect of recombination, the 
source must be increased accordingly. 
If the maximal dose near the surface is 
to be measured, the source diameter 
must be at least equal to twice the 
alpha range at the pressure at which 
the experiment is performed, plus the 
diameter of the collecting electrode. 
Since the amount of total activity re- 
quired will increase with the square of 
the source radius, pressures yielding 
sufficiently low ion currents would re- 
quire high amounts of activity and very 
bulky equipment. 

It is well to point out that the object 
of the measurements must be the maxi- 
mal dose, not only because of its unique 
independence of source size (once sub- 
maximal dimensions are exceeded), but 
also because of its exclusive value in 
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biological experimentation. The m 
rial irradiated in such work is usu 
in water or in an aqueous solution 
close proximity or actual contact w 
the source. Since the alpha rangs 
water is about 30 microns, any pr 
tical source may be considered maxin 
Despite the apparent difficulties, 
is possible to determine the maxin 
dose experimentally if the measurem« 
is done within reasonably small air ga 
with the source covered by appropriat 
foils. As seen from Fig. 5, if the sour 


is covered by a foil of uniform thickness 


t and stopping power &, the effecti 

source diameter for a point on the su 
face of the foil will be 2¢ tana wit 
cos a = t&/R, where R is again thy 
alpha range in air. With t& = A, tl 
air equivalent of the film, cosa = A/R 
If A is chosen to be 3 mm, a will hi 
about 8514 degrees. 


Z 


Since the linear stopping power of 


any solid film is of the order of 1,000 
the effective source area for a point or 
the surface will be very small. At 

distance h’ above the foil, the anglk 


subtended by the effective source wil! 


still be 2a@ if the stopping power of th: 
air above the source is neglected. Thi 
diameter of the effective source is now 
2(¢ +h’) tan a, or, since t can usually 
be neglected, 2h’ tana. For h’ equal 
to 0.75 mm, this gives an effective 
source diameter of about 19 mm 
Thus, if the alpha source is covered 
with a foil which is equivalent to about 
3 mm of air and the collector in an 
ionization chamber is 4 mm in diameter 
and 34 mm from the surface of th 
foil, a source of l-in. diameter may b: 
considered as maximal regardless of 
the air pressure in the chamber. Addi- 
tion of further foils increases the value 
of cos a and makes for an even smaller 
effective source size. 

Since the D vs h relation was investi- 
gated by placing aluminum foils over 
the source, the depth dose was actually 
determined for aluminum rather than 
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and the data in Fig. 3 (with distance 
pressed in terms of air equivalents 
the foils used) are strictly applicable 
ly when &, the stopping power of 
iminum with respect to air, is a con- 
int for all alpha energies. For & = 
780 this condition is met within +2% 
virtually the entire alpha range. 
milar considerations apply when the 
ta are applied to doses received by 
ological material or aqueous solutions. 
It can be shown in the case of a 
niform source that the dose distribu- 
m above a foil of thickness ¢ is pre- 
sely the same as would be observed 
ove an air layer of thickness & as 
ong as & may be considered constant 
hroughout the alpha range. As shown 
Fig. 5, the number dN’ reaching a 
ifferential area dA will now be 
dN’ =C/2(h' +0 dl/P dA (7) 
where h’ is the distance above the foil. 
This expression is best integrated 
ver A, the equivalent air path, which 
may be defined by A = x + &y. This 
can be shown to be equivalent to 
'=X\(h' +1)/(h’ + &t) 


Substitutions into Eq. 7 yield a flux 
3} R 
+ &t) dX/r? (8) 
Jh’'+ét 


vhich is equal to Eq. 3 when h’ + &t = 
However, while the distribution 
hove a foil of thickness ¢ is thus the 
same as the one above an air layer of 
thickness &, the effective source area 
vill be different in the two cases. The 
effective source radius for an uncovered 
source, 1/ R? — h?2, will decrease steadily 
for inereasing h, but the effective source 
area for a foil-covered source will, as 
shown in Fig. 5, increase with increas- 
ng distance until a certain maximum 
alue is reached, then decrease again 
intil it is zero at h’ = R — &. The 
effective source radius of such a source 
sp’ = (h’ +1) VR2/(h’ +0)? — 1. 
If foils are employed, uniformity of 
source deposition is thus a requirement 
or measurements of the maximal dose. 
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MEASUREMENT OF DOSE 


Ideal and Practical Sources 


The relations given in the preceding 
section were derived for a perfectly 
flat, uniform source of zero thickness 
Scattering was neglected The ques- 
tion arises as to how much these ideali- 
zations are invalidated by practical 
conditions 

Unevenness of the source will be of 
importance if polonium is located in 
depressions of a depth which is com- 
parable to the alpha range in silver (the 
backing of the source) or nickel (the 
protective coating The linear stop- 
ping power of both metals is of the order 
of 4,000. A polonium alpha passing 
through about 10 centimeters of 
either of these materials will be stopped 
completely. It is obvious that even 
slight surface roughness of the backing 
or the coating will result in drastic 
reduction of alphas emerging at small 
angles, resulting in a considerable 
lowering of both the flux and dose 
near the surface of the source. This 
effect has been observed before (8). 

Uniformity of the polonium deposit 
was checked by measuring the total ion 
current created by alphas passing 
through a small aperture (1.0 mm diam- 
eter hole through a 12 mm block of 
brass). The variation found was about 
+4%. Further experiments involving 
a slightly smaller solid angle (two 0.88 
mm holes separated by 13.3 mm) per- 
formed with a counter according to 
the technique suggested later in the 
section ‘‘Absolute Alpha Activity 
yielded a spread of about +7%. 

The source thickness due to the 


” 


actual amount of polonium present 
(about 2 * 10-7 gm/mec) may be con- 
sidered negligible, but the effect of 
extraneous materials, as well as diffusion 
of the polonium into backing and coat- 
ing, may be expected to give much 
larger effective source thicknesses. 

To investigate the effect of such 
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FIG. 6. Curves illustrating effect of 

Jsource thickness 
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thickness, curves were drawn to repre- 
sent the dose from a ‘‘sandwich”’ source 
consisting of two ideal thin layers 
separated by a layer of inactive mate- 
rial. The curves of Fig. 6 are the 
result of such an examination for a 
source having equal activity in its 
two layers and a separation between 
them equivalent to 3 mm of air. 

Curve I, the dotted curve, is the 
dose from an ideal thin source. Curve 
II, the dot-dash curve, is the dose for 
a similar source having half as much 
activity. Curve III, the dashed curve, 
is curve II moved three millimeters to 
the left. Thus it represents the dose 
of the second layer of polonium covered 
by the inactive film. 

The circled points are a summation 
of Curves II and III. Thus they 
represent the dose to be expected from 
the “sandwich” source. The solid 
curve, Curve IV, is a dose curve for 
an ideal thin source chosen to pass 
through the circled point at 1.5 em. 
It represents a source having 93% of 
the activity of Curve I. 

Comparison of the solid curve and 
the circled points shows that the 


sé 


sandwich” source would give a dose 
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almost the same at all points as 
dose of an ideal thin source of slight 
smaller activity. Obvious departur: 
occur at the ends, but it is doubt! 
whether the techniques used in t! 
present experiments would indicat 
these departures unequivocally. 

While the dose obtained with th 
rearrangement of the activity will } 
about 7% lower, the total flux may by 
expected to be lowered by 4%. (Oi 
the alphas emitted from the lowe: 
surface, 8% will be stopped in th 
inactive layer between the activ: 
surfaces). The ratio of dose to flux will 
thus change very little with source 
thickness. It is also. evident that 
further approximations to a_ thick 
source geometry (such as further sub- 
divisions of the activity into thin 
sources of intermediate positions) will 
change matters very little. 

Backscatter of the alphas—especially 
at small angles—should give somewhat 
higher values of dose and flux near the 
surface of the source. However, this 
increase is more than offset by the 
decrease caused by microscopic un- 
evenness of the source. 


Sources 


The polonium sources* are round 
disks of silver of 1.5-in. diameter and 
0.14-in. thickness. One side of each 
disk was plated with an appropriate 
amount of polonium. (The nominal 
values employed were 0.5 mec/cm? and 
2 mc/em?.) After plating, the active 
surface was reduced to one inch by 
turning down half the height of the 
disk to this diameter. This was done 
to eliminate the regions near the rim 
where deposition tends to be higher. 

The sources are coated with an 
evaporated coat of nickel equivalent to 
about 3 mm of air. This was done to 
provide mechanical protection and to 
check sublimation of the polonium 


* Supplied by the U. 8. Radium Corporation 


September, 1950 - NUCLEONICS 








lon Chamber for Dose Measurement 

The ionization chamber used to test 
he theory of alpha dosimetry is shown 

Fig. 7. The enlarged view at the 

ght shows the collector as it is placed 

elow the souree. Surrounding the 
olleector is a guard ring having the 

ill diameter of the interior of the 
hamber. The guard ring makes con- 
tact with the body of the chamber, 
so that it is always at zero potential. 
During the measurements the collector 
s always kept at zero potential as 
well, so that the collecting volume is 
cylindrical. The annular gap between 
the collector and the guard ring has a 
width of 0.002 inches. 

The collector is connected to the 
central conductor of the stem by the 
watch spring. In use, the end of this 
central conductor makes contact with 
the moving fiber of the electrometer. 

The foil supports indicated in the 
drawing are concentric aluminum rings. 
Aluminum foils of different thicknesses 


are mounted on similar rings. Various 
amounts of aluminum can be placed 
before the source by replacing one or 
more of the empty rings with rings 
carrying foils 

Since the sources used in this work 
are covered by a protective nickel film 
of 3 mm air-equivalent thickness, the 
maximal dose at the surface is obtained 
with a 0.03-in. spacing for the 0.125-in 
collector (see ‘Influence of Absorbing 
Foils,” p. 23). For work with alumi- 
num foils, a 0.04-in. spacer is used 


Aluminum Foils 


The foils used are 99.89% pure 
aluminum varying in thickness from 
1.01 mg/em? to 2.46 mg/cm?.* 

The air-equivalent thickness of the 
foil combinations was computed ac- 
cording to the Livingston and Bethe 
article (4). The sum of the thicknesses 
of aluminum and nickel was found in 


* We are indebted to Stranahan Foil Co. of 
Hackensack, N. J., who donated the foils 
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Fl1G. 7. lonization chamber used for experimental determination of dose 
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TABLE 1 


Equivalent thickness 
Thi ANNESES cm of air 


Foil of 


comhi- aluminum 


nation mg /em? Measured Computed 
2 1.01 0.66 0.666 
7 3.47 2.24 2.623 
10 2 2.62 2.750 





equivalent centimeters of air. Then 
second order correction was applied, the 
nickel being treated as aluminum. 
These figures were verified, roughly, 
by inserting the foils in the residual- 
range apparatus of Fig. 9, which will 
be discussed later. The values ob- 
tained by the two methods are shown 
in Table 1. The Livingston and Bethe 
figures were used in other parts of the 
experiment on the assumption that 
they were more accurate than the 
experimental determinations. 


Measurement of Collecting Volume 


The cylindrical volume between 
source and collector (in some cases 
between foil and collector) in the 
ionization chamber of Fig. 7 was 
determined by (a) measuring the diam- 
eter of the collector with a traveling 
microscope and (b) finding the separa- 
tion between source and_ collector 
electrically. 

The circuit for the latter measure- 
ment is shown in Fig. 8. C2 is the ca- 
pacitance between collector and source. 
C, is a precisely known capacitance of 
1.00 cm (electrostatic units). R,and R» 
are precision resistors. f, is adjusted 
until the electrometer shows no kick 
when the key is closed. With A, so 
adjusted, both collector and guard ring 
remain unchanged in potential when the 
key is closed, so no appreciable error is 
introduced by fringing. Repetition of 
the measurement showed that the un- 


known capacitance could be determin 
to a precision of better than 0.5: 


From this capacitance the length 
the cylindrical volume was comput: 
Its diameter was taken as the averag 
of the collector diameter and the di 
meter of the hole in the guard ring 

This scheme is an adaptation of 
method developed by Failla in whi 
the inter-electrode capacitance is als 
determined by the application o 
opposite potentials to the compen 
sating capacitor and the capacitance: 
in question. In the original version 
however, the potentials are applied 
steadily and controlled independently 
The advantage of the present form is 
that the measurement may be _per- 
formed in the presence of a source of 
ionizing radiation. While closing of 
the key results in a change of ion cur- 
rent (since the collecting voltage 
changes from zero to a value determined 
by the constants of the circuit), the 
resulting drift is usually not larg 
enough to mask the sudden impuls¢ 
which is observed if the bridge circuit 
is not balanced. 


lonization Measurements 

The purpose of the experiment was 
to determine the ionization per em? of 
dry air at 15° C and 760 mm Hg at 
different distances in front of a maximal 
source. To avoid difficulties antici- 
pated from recombination of ions, 
measurements were made at reduced 
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FIG. 8. Circuit used to determine 
collector-foil capacitance, C2 
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FIG. 9. Residual range apparatus. The graduations shown are inscribed on the inside 


of the polystyrene cup 


pressures, and the results were extra- 
polated to atmospheric pressure. 

The initial measurement was a 
determination of the voltage-current 
characteristic of the ionization cham- 
ber at different pressures. It was ob- 
served that as the collecting voltage 
increased, a discharge eventually oc- 
urred. At lower pressures the dis- 
harge occurred at lower voltages. 
Secause of this discharge the saturation 
urrent was uncertain for curves taken 
it extremely low pressures. This un- 
certainty was eliminated by measuring 
saturation currents only at pressures 
high enough that a distinct plateau 
was apparent 

In each case the saturation current 
used was the average of the values ob- 
tained with positive and negative col- 
lector voltages. This averaging was 
done to eliminate from consideration 
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such extraneous currents as those 
caused by alpha particles, secondary 
electrons, ete. These measurements 
were plotted to give the relationship 
between saturation current and _ pres- 
sure. For each foil combination the 
resulting points lay accurately on a 
straight line. A least-squares fit was 
used to determine the best straight 


line through the experimental points. 


To determine the ionization in an 
atmosphere of dry air at 15° C and 
760 mm Hg, the slope of the straight 
line was corrected so that it applied to 
unit volume at 15° C. The corrected 


slope was then multiplied by 760. 


all cases the intercept near the origin 


was so small as to be negligible 


Residual Range Apparatus 


Figure 9 shows the apparatus used 
to determine the energy absorption of 
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FIG. 10. Ionization current in the resid- 
ual range apparatus plotted as a function 
of the distance between the ionization 
chamber and the source 








the nickel film plated over the polonium. 
At the top of the central stem is a shal- 
low ionization chamber. Its distance 
from the source is varied by means of 
the threads connecting the stem to the 
polystyrene cup. The chamber itself 
consists of the space between the top 
surface of the central conductor and 
a piece of thin wire gauze (200 mesh) 
indicated by the dotted line in the illus- 
tration. 

The central conductor is placed in 
contact with the fiber of the electrom- 
eter and maintained at ground poten- 
tial. A collecting voltage is applied to 
the wire gauze through the screw shown 
at the right of the stem. Electrical 
connection is maintained between the 
source and the wire gauze by the spring 
clip which touches the aluminum 
threads of the stem and the edge of the 
brass cup which rests on the polystyrene. 

The distance between source and 
wire gauze is determined by means of 
the pointer and circular graduations 
which are inscribed around the inner 
surface of the polystyrene cup. 
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Effect of Nickel Film 

With the source in place, the sepa 
tion between source and wire gauze \ 
increased, and the ionization curr 
was plotted as a function of distan 
Figure 10 shows the result. It w 
observed that the range straggling 
shown by this curve is greater than 
to be expected for polonium alph: 
This is presumably caused by t! 
thickness of the source and the dept 
of the ion chamber (about 2 mm). 

It was decided to use the extrem 
range of the alphas as an indicatio: 
of the thickness of the nickel. Thus 
tangent was drawn at the end of thx 
experimental curve, and its intercept 
was subtracted from the extrapolated 
range of polonium alphas as given by 
Livingston and Bethe (4). 


Maximal Dose 

The experimental points plotted in 
Fig. 11 show the maximal dose as a 
function of distance from the face of 
the source most extensively measured 
The ordinates give ionization in esu 
em?/min. <A theoretical curve has been 
plotted for a source having an activity 
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° Experimental values 


_-Theoretical curve 
(0 0933 mc/cm 2) 








Cm of air 


FIG. 11. Comparison of experimental 

values of dose and a theoretical curve for 

source with activity chosen to fit the 
measured points as well as possible 
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of 0.0933 me/em?. The departures of 
the experimental points from the 
theoretical curve are appreciable at 
both ends of the curve. The dis- 
crepancy near zero is assumed to result 
from surface roughness. The _ dis- 
crepancies at the far end are assumed 
to result from straggling of the range 
caused by such factors as statistical 
fluctuations, nonuniformity of the nickel, 
thickness of the source, ete. 


Absolute Alpha Activity 

To check the absolute as well as the 
relative accuracy of the theoretical 
dose curve, two methods were used to 
determine the absolute activity of the 
sources. Inthe first method, the sources 
were inserted into the chamber in a 
face-up position (the drawing shows the 
source face down) and put in contact 
with the electrometer. The space 
above the source was left empty and 
evacuated to pressures of about 10~4 
mm Hg so that ionization currents were 
negligible. A magnetie field was ap- 
plied to eliminate currents caused by 
secondary electrons and delta rays. 
The field was increased until no further 
change of current was observed. In 
this way the total current caused by 
alpha particles leaving the source was 
determined. A correction was com- 


puted for the alphas stopped by 
the nickel film. Its value was be- 
tween 5 and 8% for three sources. 


In the second method a brass pill 
box was made which was big enough 
in diameter to cover the face of the 
source. The box was shorter in height 
than the alpha range in air. Two 
small holes in the faces of the box per- 
mitted a narrow collimated beam of 
alphas to reach a thin window counter 
which was assumed 100% efficient for 
alphas reaching it. The counting rate 
and the geometry were used to deter- 
mine the activity. Determinations at 
several points on the face showed good 
uniformity of the polonium deposit. 
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TABLE 2 
Activities of Three Alpha Sources in 
mc /cm?* 


Ionization Alpha current Counting 
0.0933 0.112 0.110 


0.317 0,299 0.309 
0.596 0.531 0.577 





Activities as determined in three 
ways are shown in Table 2. The 
first column represents the values 
chosen to give the best fit between 
experimental and theoretical values of 
dose. The second column is from the 
alpha current determination and the 
third from the counting method. All 
values are corrected to the same date. 

Table 2 shows that a rapid assay 
of the dose delivered by uniform thin 
alpha sources may be obtained by 
determining the activity per unit area 
by the counting method outlined in 
this section and by referring to Fig. 3 
to obtain the maximal dose as a fune- 
tion of distance. 

However, if the sources are covered 
by a protecting film of appreciable 
thickness, an extrapolation experiment 
(such as the one outlined under ‘‘ Maxi- 
mal Dose’’) must be performed to 
determine the film thickness. 

* * * 

The writers wish to express their grati- 
tude te Dr. G. Failla for much advice and 
encouragement and to Mr. A. Norman who 
assisted greatly during the early phases of 
this work. 
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Gamma-Ray Spectroscopy with Crystals of Nal(TI) 


By Robert Hofstadter and John A. Meclntrye 


Princeton University, Princeton, New Jersey 


ALTHOUGH it has been recognized for 
some time that crystals used in seintil- 
lation counters offer a means of detect- 
ing gamma-ray energies, relatively little 
has been done to exploit this useful 
property. Th primary reason for this 
circumstance has been that most in- 
vestigators have used organic crystals in 
which the basic interaction of the 
gamma rays with the crystal occurs 
through the Compton effect. The 
Compton interaction, as is well known, 
provides a continuum of electron ener- 
gies up to a sharp edge, about mc?/2 
(0.25 Mev) less than the original gamma- 
ray energy. The resulting pulse distri- 
bution, broadened by photomultiplier 
statistics, shows an amorphous edge 
from which precise measurements of the 
made. Another 
deterrent has been that the organic crys- 


energy cannot be 


tals usually cannot be obtained in 
optically clear and uniform condition. 
In 1948, one of the present authors 
found (1) that Nal(TI), a crystal with 
a heavy component (iodine), could be 
quite useful as a scintillator. Because 
of its hygroscopic nature, the majority 
of workers have avoided Nal(Tl) and 
only recently have its full potentialities 


* This work was supported in part by the 
U. S. Army Signal Corps and by the joint pro- 
gram of the Office of Naval Research and the 
Atomic Energy Commission. 


been realized (2-7). Since Nal(T! 
contains 85% by weight of iodir 

(atomic number 53), the photoelectr 

and pair production processes have a: 
appreciable cross section for the usua 
gamma-ray energies. Figure 1 show 

the cross sections in iodine for thes 
processes as a function of energy 
Since each of these processes results in : 
well defined energy, rather than thi 
type of broad distribution observed u 
the Compton process, we may expect 
sharp “lines” in the pulse distributions 
From the peaks of the sharp lines, ac- 
curate energy measurements of gamma 
ray energies can be obtained. 

It is not difficult to calculate from 
Fig. 1 the type of pulse distribution to 
be expected when all three interactions 
are taken into account, if the assump- 
tion is made that the width of the lines 
is due entirely to statistics in the photo- 
surface and dynodes of the photo- 
multiplier. One need only know the 
number of photoelectrons at the photo- 
cathode for 1 Mev of energy absorbed 
from an electron in the crystal. From 
recent experimental curves (3), this 
number can be obtained;f it amounts to 

t The early figure of 500 was numerically in 
error and also did not include the broadening 
due to variable multiplication at the photo 
multiplier dynodes. An average secondary 


emission multiplication factor of 4 is assumed in 
obtaining the figure 1,000 electrons/ Mev. 





Scintillation devices have recently been 
used to determine gamma-ray spectra 
accurately. This article details the 
theory involved, outlines procedures, and 
f gives results obtained with Co”, K*, 
% . Ga*’, 

pulses obtained with Au'** is shown at 
left; it appeared on last month’s cover. 


Na*', and Au'**. Photograph of 
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Compton 











Energy, Mev 
FIG. 1. Theoretical cross-section curves 
for primary processes in iodine of NalI(T1). 
To include the effect of sodium add 21 
to Compton curve and 4% to pair curve 


pproximately 1,000 electrons per 
Mev with NalI(Tl), good light collec- 
tion, and a conventional end-window 
photomultiplier. 

By assigning this figure and a Gauss- 
ian shape (see later discussion of case of 
\u!®5 photoline) for the pulse distribu- 
tion, the calculated line shapes appear 
is in Figs. 2, 3, and 4, for the energies 
mc?2, 4mc?2 and 10me?. It has also been 
assumed in preparing these figures that 
only primary processes occur, and that, 
for example, double scatterings, seat- 
tering plus capture of degraded prod- 
ucts, ete., do not occur. Witha 1o-in. 
cube of Nal(TIl), this condition is 
fairly well realized. 

It is clear that if experiment verifies 
the general nature of the curves of Figs. 
2,3, and 4, we shall have a new powerful 
instrument at hand for investigating 
energies and intensities of gamma rays. 
It is also apparent that a real advantage 
of the solid counter, i.e., its high density 
and therefore high gamma-detection 
efficiency, will be fully utilized. 

These hopes are actually realized as 
the graphs and photographs that follow 
will show. Spectroscopy of very weak 
sources (even 10-* curie) should now 
become possible. The situation is, of 
course, not ideal, because (a) each 
gamma-ray line gives rise to at least 
two, and in many cases three, peaked 
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FIG. 2. Approximate theoretical pulse 
distribution for 0.51 Mev assuming pri- 
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FIG. 3. Approximate theoretical pulse 
distribution for 2.04 Mev assuming pri- 
mary process only 
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FIG. 4. Approximate theoretical pulse 
distribution for 5.1 Mev assuming pri- 
mary process only 
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FIG. 5. Discriminator run on Au’, 
0.411 Mev 


distributions so that complex gamma 
spectra are difficult to disentangle, and 
(b) the resolution is not as good as one 
would like, being about 49 to %o of 
that obtainable in a good _ beta-ray 
spectrograph. With regard to point 
(a), combinations of crystals in coinci- 
dence (5, 8) offer the possibility of 
obtaining unique pulse distributions, 
thereby avoiding the confusion of single- 
crystal work. Concerning point (b), 
the limitation in resolution lies princi- 
pally in the photomultiplier. 

The curves and photographs dis- 
cussed in the following paragraphs were 
obtained by using optically clear, single 
crystals of NaI(T1) cleaved from arti- 
ficially grown material supplied by the 
Harshaw Chemical Company. The 
crystals were kept in Nujol prior to use. 

When a crystal is used, it is removed 
from the bath with an oil film clinging to 
it, set in place atop the photomultiplier 
window, and covered with a thin hemi- 
spherical aluminum cap having a 
brightly polished interior surface which 
acts asareflector. A second thin spun- 
aluminum shell covers the photomulti- 
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plier head to make it light-tight. § 
a combination will preserve a crysta! 
excellent condition for several weeks 

A single channel discriminator, 
pulse height analyzer, together with t 
Elmore 501 amplifier, have been us 
in obtaining the curves. The phot 
multiplier supply voltage used was k: 
constant to better than 0.1%. 

Figure 5 shows an experimental pu 
distribution for an energy for which pair 
production does not occur. It 1 
sembles Fig. 2, except for the ratio of 
photopeak area to Compton area. This 
curve was taken with Au!%8, which has 
one principal gamma ray at 0.411 Me 
The peak at 85.5 volts is the photo- 
electric peak. The small Compton dis- 
tribution shows a peak near 48 volts 

It is to be noted in Fig. 1 that th 
photoelectric cross section rises rapidly 
between the energy 0.51 Mev of Fig. 2 
and the energy 0.411 Mev for which the 
experimental data is presented. After 
the proper correction for energy has 
been made, the area of the photoelectric 
peak is still larger than expected. This 
fact suggests that the secondary proc- 
esses mentioned previously do occur (3) 
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No** collimated 


; 
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FIG. 6. Discriminator run on Na* 


September, 1950 - NUCLEONICS 





photoline itself is a result of ejee- 
of a K- or L-electron in iodine, and 
ther capture of the subsequently 
tted X-ray. Thus the photoline 
ild have the whole energy of the 
ima ray. 
The Compton process also can trans- 
pulses to the photopeak if secondary 
ttered products are captured in the 
ystal. The photopeak at 85.5 volts 
Fig. 5 is accurately Gaussian, as may 
verified by a simple fitting procedure. 
lhe number of electrons calculated from 
ts width is 400, in good agreement with 
he number / Mev given previously. 
The photograph on page 32 shows the 
scilloscope pattern of the pulses of 
\u!%8, with the photoelectric peak at the 
p and the Compton distribution, with 
ts sharp edge, below. Also present is a 
0.075-Mev X-ray, corresponding to the 
bright band near the bottom, which 
probably arises from an electron jump 
in the ion resulting after internal con- 
version of the 0.411-Mev gamma line in 
gold has taken place. The sharpness of 
this band shows that NaI(TI) will be 
very useful in studying low-energy 
gamma rays and even X-rays. The 
figure of 1,000 electrons/Mev suggests 
that detection of X-rays with energies 
if 5-10 kev should not be difficult. 
Figure 6 shows a discriminator run on 
Na*, which has two gamma rays in 
wscade, 1.38 and 2.76 Mev. The 
higher-energy part of this curve may be 
ompared with Fig.3. Amicrophotom- 
eter trace of the oscilloscopie represen- 
tation of this spectrum is shown in Fig. 
7. The photoelectric, Compton, and 
pair peaks for the 2.76-Mev line are 
respectively indicated by A, B, and C. 
The photopeak D and Compton peak FE 
ire also observed for the 1.38-Mev line, 
but its pair peak is too weak to be found. 
The combinations of associated peaks 
three or two) and the characteristic 
shape of the Compton peaks (Figs. 2, 
3, and 4) offer a direct means of identi- 
fying gamma-ray energies. As one 
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FIG. 7. Microphotometer trace of oscil- 
loscopic pattern of pulses in Na*. A, B, 
C are photopeak, Compton peak and pair 
peak for 2.76 Mev. D, E are photopeak 
and Compton peak for 1.38 Mev. Fisa 
peak due to capture of annihilation radia- 
tion resulting from decay of positron when 
pair is produced 
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example, if the ratio of pulse-height 
values of pair peak to photopeak is the 
fraction a, the energy of the gamma ray, 
E, is given by 

E = [2/(1 — a)] me? (1) 
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Figure 8 shows a case, Ga®®, where a 
new line has been observed near 4.25 
Mev. Its prominent pair and small 
photoline can be seen in this figure. 
The presence of so many peaks in the 
neighborhood of the 4.25-Mev line hides 
some of the characteristic features 
which could be brought out with better 
resolution. 


Another case, Fig. 9, shows an oscil- 





FIG. 9. Oscilloscopic pattern of K* 
showing the 1.48-Mev gamma line 
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FIG. 8. Discriminator s; 
trum of Ga**, Reported ac: 
ties are given below 
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loscopic representation* of K#4°® taken 
with a source of an equivalent gamma 
strength of 107° curie. 
the 1.48-Mev photoline and its Comp- 
ton distribution. The sharp 
band at the top is the overload of th 
method 


We see clear], 
bright 
amplifier. The  oscilloscopic 
should be most valuable for such ex- 
tremely weak sources. 

A combination of two crystals in 
coincidence can be used to determin: 
gamma-ray energies by means of thi 
Compton effect (8). One of the crys- 
tals (detector) is placed behind a 
second crystal (scatterer), which is 
struck by a collimated beam of gamma 
The detector therefore receives 


rays. 
back (180 degrees) scattered gamma 
rays. It may be shown (8) that only 


the Compton edges correspond to these 
scattered rays. Therefore, by using the 
detector crystal as a gate to select the 
times when the discriminator is actively 
looking at the scatterer crystal, the 
Compton edges may be examined with- 
out the remainder of the continua 


* Obtained by Mr. E. T. Jaynes. 
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th such an instrument Fig. 10 was ie pein asain 
: -" ms 
tained; it shows the resolution of the 0 
gamma rays (1.17 and 1.33 Mev). | | 
gure 11 shows the Co® single-crystal 
In the latter curve the Compton 7 ; | } 
ge of the 1.17-Mey line and the | ; | 
ymmetry beyond it, due to the Comp- 7 
n edge of the 1.33-Mev line, may both P| 

on : | ea 

discerned. The two-crystal method Fi 
juires a stronger source than the } lf 
ngle-crystal method; probably 0.1 me 
less is sufficient in the former case, 


Cpm/64 
n 
oO 


rticularly if oscilloscopic registration \ 
pulses is used. | 


[here are some precautions which 






ould be observed in gamma-ray oe 
spectroscopy with crystals of NaI(TI). 
For example, ‘ghost’ lines, not present 








the source, show up in thespectra. ‘2 
In particular, one ghost in the neighbor- 0 20... #440. 60 80 
ood of 0.2 Mev results from the back Pulse Reign, vets 
scattering of gamma rays from sur- FIG. 11. Single-crystal run on Co* 


roundings and crystal walls. Also, ‘tian } 
- we : ots : ramma-ray energies and intensities have 
nnihilation radiation after pair produc- © ' B : 
: now become available. Experiments 
tion can be captured in the crystal, giv- | : ; 
involving correlations of gamma rays 


ng rise to a new peak lying between the st 
, will be facili- 


' Thi ith beta particles, et 
pair line and the Compton edge. This with beta particles, ¢ 
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pe ak may be seen in the microphotom- tated, because specific —* energies 
eter trace (Fig. 7) at F. In the two- °2” be selected by means of their 
crystal method, the pair line appears (6). photopeaks, particularly at low energies. 
In conclusion we may say that rhe ee ore 
new powerful methods of investigating this method of measurement applies 

. indicates that it will be applied in many 
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, fields, perhaps even to medical work and 
Co®° the soft X-ray field. As matters now 
. stand, this range is perhaps 10 kev 
to 10 Mev, with every expectation that 
improvements will increase this range. 
Te 
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Techniques in the Use of C“ as a Tracer 


|. APPARATUS AND TECHNIQUE FOR WET COMBUSTION 
OF NON-VOLATILE SAMPLES 


By Cecil K. Claycomb, Tyra T. Hutchens} and John T. Van Bruggen 
University of Oregon Medical School, Portland, Oregon 


A NUMBER OF WORKERS (1, 2, 3) have 
described wet combustion methods for 
the recovery of C'4 as CO, from or- 
ganic compounds. For the most part, 
equipment has been complex and diffi- 
cult to operate. 

The apparatus of H. A. 
described by Calvin (J), 
lend itself 
an attempt to use 
with the 
extremely variable results. 


Barker, 
appears to 
work, but 
equipment 


well to routine 
such 
described technique gave 
Intensive 
investigation disclosed that adequate 
directions had not been given regard- 
ing temperature, vacuum control, and 
other minor but important points. 
In addition, mechanical details of sam- 
ple introduction, ete., showed room for 
improvement. 

The 


ported below represent a procedure for 


apparatus and technique re- 
wet combustion in which high combus- 
tion efficiency is obtained, blank values 
and adequate control 
With 
this technique and the range of com- 


are negligible, 
over gaseous CQ, is maintained. 


bustion efficiency it provides, it is possi- 
ble to add carrier carbon either before 


*This work was supported by an Atomic 
Energy Commission contract administered by 
the Office of Naval Research, Contract N7onr- 
28702, and by AEC Contract AT(45-1)-225. 

+t AEC Postdoctoral Fellow in the Medical 
Sciences. 


or after combustion. In addition, t 
introduction of samples and mixing o 


constituents is mechanically simple. 


Materials and Methods 


Apparatus Required. The combus- 
tion apparatus shown in Fig. 1 has 
five components: an oxidation flask A 
with oxidant reservoir B, a delivery or 
adapter tube C, an absorption flask /, 
and a manometer FE. An 
evaporation sleeve G supplements thi 


mercury 


basie equipment. 

In the following descriptions, exact 
dimensions are not given, as they are 
not critical. Comparison of unit parts 
with the $§ joints as shown will serve 
to approximate all actual dimensions. 

1. Combustion flask A is made from 
a male $ 19/38 joint sealed to a 10 m! 
micro-Kjeldahl flask. The 6 to 10 ml! 
oxidant receiver, tube B, is joined to 
flask A at akout 130 degrees to the long 
axis of flask A. 

2. The adapter, or delivery tube C is 
made from two female ¥ 19/38 joints, 
shortened and united at an angle of ap- 
proximately 100 degrees. A two-way 
oblique-bore stopcock, D, is sealed mid- 


§ National Bureau of Standards symbol for 
“standard taper.’’ Numerator of following 
fraction gives large diameter in mm, denomi 
nator gives length of ground surface. 








With carbon-14 finding increasing use as a tracer in chemical and biological 
research, the basic techniques described here are of great value. 
cussed are: a method of recovery by wet combustion, preparation of BaCO; 
plates for radioactive assay, and synthesis of carboxyl-labeled acetic acid 


Dis- 
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and at the top of tube C. A 
¢ 10/30 male joint is sealed midway 

1 on the side of C. 

3. A capillary mercury manometer E 

ving a female $ 10/30 joint is con- 

ted to the 10/30 joint on C and is 
sily removed for cleaning. 

4. Absorption flask F is made from a 

ile $ 19/38 joint and a 30 ml micro- 
Kjeldahl flask. 

5. Evaporation adapter or sleeve G 
; made from a female $ 19/38 joint, 

nd a length of capillary tubing H runs 
axially within the joint and extends 
eyond it. Tubing H is held in place 
y being passed through a short piece 
f rubber tubing that also passes over 
he end of G. Side arm J connects 
vith an aspirator. 

\ constant temperature bath main- 
tained at 160° C is required to heat 
flask A during the combustion period. 
We have for some time used aluminum 
stearate (Dictaphone cylinder shavings) 
as the bath liquid. 

Reagents Required. The reagents 
required are: 

1. Van Slyke-Folech wet oxidation 
mixture prepared according to Calvin 
1). No potassium iodate is added to 
the reagent. 

2. Standard CO,-free NaOH, 0.5 to 
O.75N 

3. Standard HCl, about 0.2N. 

4. Standard Na.COs, about 0.75... 


Procedure 

It is essential that all components of 
the oxidation apparatus be _ initially 
cleaned in a hot bath of Van Slyke- 
Foleh oxidation mixture. After initial 
assembly and use, routine cleaning of 
flask A with this reagent is strongly 
recommended. Such treatment de- 
stroys all organic contaminants includ- 
ing trace amounts of the silicone lubri- 
cant used, thus assuring low blank 
values. After cleaning, the equipment 
is thoroughly rinsed and oven dried. 

Delivery tube C is solidly clamped to 
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FIG.1. Combustion assembly 


a movable ring stand, the mercury 
manometer being attached and fast- 
ened to the same stand. A minimal 
amount of silicone lubricant* is used 
on stopeock D and all other glass to 
glass connections 

The sample to be combusted is placed 
in the bulb of A. Solutions may be 
pipetted into the flask or solids may be 
introduced in a porcelain boat of suit- 
able dimensions. Solutions in A are 
taken to dryness by attaching the flask 
to the evaporation sleeve G and immers- 
ing flask A in a hot water bath with 
the empty oxidant tube B in an up- 
right position. Dry CO,-free air is 
drawn in through tube H by applying 
a minimal vacuum via the side tube J. 
To minimize bumping and splattering, 
drying is accomplished largely by the 
air stream from H rather than by strong 
vacuum distillation. When the sam- 
ple appears dry, flask A is removed 
from G, and with side arm B directed 
downward, 5 ml of the Van Slyke-Folch 
reagent are carefully added to B with a 


* Dow-Corning High-Vacuum Silicone Lubri- 
cant has proved best in these experiments. 
Minimal amounts must be used, and care taken 
to see that none is forced out of the joint into 
the flask when the vacuum is applied. 
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bent-tip pipette. The flask is attached 
to tube C, care being taken not to spill 
any of the oxidant onto the sample to 
be combusted. The absorption flask 
F, containing a measured amount of 
standard CO,-free NaOH (usually 2 
mmoles), is also connected to C, the 
system evacuated through D to about 
20 mm, and stopcock D closed. 
maintaining 


Since 
adequate reduced pres- 
sure is essential, the apparatus is al- 
lowed to stand for a few minutes and 
the manometer observed for pressure 
changes. 

Flask A is rotated 180 degrees, bring- 
ing the side arm B upright and spilling 
the oxidant the sample. The 
bulb of flask A is now immersed in the 


onto 


160° C bath, preferably by manipulat- 


ing the entire ring-stand to which the 





TABLE 1 
Carbon Recovery by Wet Combustion 


Sam- 


M mole 
Theo. 


Material 
combusted * 


carbon % Re- 
Found covery 
Potassium 22.9 0.898 
acid 23 0.866 
phthalate 20.5 0.804 

7 0.960 

0.662 

976 


0.882 98.% 
0.816 94.: 
0.731 90.¢ 
0.907 94 
0.633 95 
0.899 
Mean = 94.: 


Cholesterol 705 0.648 91 
900 0.901 100 
530 0.507 95 
551 0.499 90 
600 0.578 96.% 
500 0.487 97 
740 O.717 96.¢ 
712 0.686 96.: 
Mean = 95 
593 
13.3 598 
16 743 


Digitonin 0.543 91 
0.5382 89.0 


0.651 87.6 


* Samples combusted with 5 ml of combustion 
reagent. COs was absorbed in 3 ml of 0.752N 
NaOH. Blank of 0.03 mmoles CO: subtracted. 
The phthalate and cholesterol were of purified 
reagent-grade quality, but the digitonin was of 
questionable purity. 
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attached. An ice-wa 
bath is then placed so as to cool abso: 
tion flask F. After 10 min, flask A 
removed from the hot bath and t 
apparatus allowed to stand an add 
tional 5 min, while F remains in the i: 
bath. If no leakage has occurred ani 
CO, absorption is adequate, the m 
nometer reading returns to 20-30 m: 
CO.-free air or purified nitrogen 
admitted through stopcock D to equa 
ize the pressure. 

Absorption flask F is removed and 
its contents titrated with 0.2N HCl to 
a faint but definite phenophthalein 
pink. From the titration figures ob 
tained, the amount of CO, liberated by 
combustion is determined, one equiva- 


assembly is 


lent of base being used per mol of CO 
taken to 
which would After 
the titration is 1.5-2.0 
mmoles excess base are added to insure 
CO:z retention and to furnish base for 
the subsequent use of BaCl.-NH,C! 
precipitating reagent. 

The entire alkaline carbonate solu- 
tion may now be used for BaCO 
plating, but usually aliquots of the 
homogenous solution are taken, as ab- 
sorption of CO, in NaOH instead of 
Ba(OH). permits the use of aliquots 
for plate preparation. 


avoid acid 
CO, 


complete, 


Care is excess 


cause loss. 


Results 

With the described technique, blanks 
are constant and of low magnitude, 0.03 
mmoles of CO, being an average with 
cleaned equipment. When a free flame 
is used to heat the combustion flask, 
reaction temperatures are variable and 
extreme variations in blank values are 
obtained. 

The data of Table 1 illustrate the 
range of recovery of carbon by this 
procedure. 

Since these data were obtained on 
relatively large samples, the reproduci- 
bility and reliability of technique was 
studied in respect to recovering graded 
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TABLE 2 
Recovery of Activity from Micro Amounts of Sample 


Mmoles Mmoles 





cs CO:z CO;s~ Total Calc. Aver- 
im- sam- absorbed added mmoles mg Cale. age 
é ple in com- as COs; BaCO;/ cpm total total 
Procedure \  bustion carrier sample sample sample activityt activity 
1 Combusted* 100 0. OS6t 0.806 159.0 312.4 496.8 
2 Combusted* 100) 0. 036T 0.756 149.2 309.6 461.8 479.3 
$} Not combusted* 100 2 0.72 142.1 343.4 488.0 
4 Not combusted* 100 0.72 0.72 142.1 327.3 465.1 476.6 


* Active samples 1 and 2 were dried in flask A, combusted, titrated and 0.72 mmoles carrier 
rbonate added before precipitation. Active samples 3 and 4 were not combusted but added to 
carrier CO3~ and precipitated for plating. 
The variations in these values actually represent variations in the blank values, since the 
irbonate from the samples combusted is too small to titrate. 
: : epm/sample * calc. mg BaCO,; 
t Calculated total activity = 
20 X sample area (cm?) 





mounts of C'™ activity as well as the — represent the efficiency of CO, distilla- 
recovery of C' activity in the presence tion and absorption in terms of recov- 
f varying amounts of carrier. Table 2 — ered activity. 


pres : the _ data pager ny fms BIBLIOGRAPHY 
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ind plating of two equivalent samples 


ll. PREPARATION OF BaCO; PLATES BY CENTRIFUGATION 


By Tyra T. Hutchens,+ Cecil K. Claycomb, William J. Cathey + and John T. Van Bruggen 
University of Oregon Medical School, Portland, Oregon 


\ NUMBER OF TECHNIQUES have been a centrifugation technique has been de- 
described for preparing BaCO; sam- scribed (2), no data was presented to 
ples suitable for counting. They in- indicate its utility. Regier (6) estab- 
volve filtration (1, 5, 7), evaporation lished the fact that adequate control of 
3), or centrifugation (2). As filtration particle size is essential. 
and evaporation methods require a This article presents details of an 
large degree of manipulation, a repro- apparatus and technique by which a 
ducible centrifugation technique that high recovery of C'O, is accomplished, 
would minimize manipulations but consistent reproducible specific activi- 
yield reproducible plates with high ties are obtained, and sample surfaces 
sample recovery is desirable. Although are smooth, uniform, and free from 

cracks. One to two hours are required 


+ AEC Postdoctoral Fellow in the Medical : ee 
Sciences for the plating of four aqueous carbon- 
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ate samples, a portion of this time being 
used for manipulation, the remainder 
for the several periods of centrifugation. 


Materials and Methods 

Apparatus Required.* The appara- 
tus shown in Fig. 1 consists of a Du- 
ralumin cup A and sleeve B held in place 
by three thumb screws C. 

The internal diameter of A is 114 in., 
walls are %g in. thick, cup depth is 
114 in., and bottom and top flanges are 
of 21545 in. diameter, so that the unit 
fits snugly into the 250 ml trunion cup 
of International Centrifuge Size 1. 
The bottom of A has three holes to ad- 
mit the prongs of adapter F. 

Sleeve B fits with close tolerance in 
A and has an internal diameter of one 
inch. The bottom edge of B is care- 
fully machined to a tight fit between B 
and an aluminum plate D. In oper- 
ation, plate D is held firmly between 
the bottom of A and sleeve B by means 
of thumb screws projecting through 
the flange of B into matching threaded 
holes in the upper flange of A. 

Plate D is punched from 1 mm po- 
Care must be 
taken to remove all burrs or projections 
from the edges. 
solvents to remove any greasy film as- 
sures better adherence of the BaCO, to 
the plate. 

Reagents Required. 
reagents are: 

1. 0.5N BaCl, in 0.4N NH,CI (6). 

2. Standard Na:CO; solution, 0.5- 
to 0.75N. 

3. Alcohol-ether mixture, 3:1. 

Procedure. BaCQO,; plates are pre- 
pared from samples of Na.CO; con- 
tained in NaOH solution, aliquots or 
the entire sample first being transferred 
to 40 ml heavy walled, round bottom 


lished aluminum sheets. 


Washing with organic 


The required 


* This equipment may be obtained from the 
Scientific Research Company, 1618 N. Van- 
couver Avenue, Portland, Oregon. Treatment 
of the inside of sleeve B with Genera! Electric 
Dri-Film #9977 prevents adherence of BaCOs to 
the sleeve. 


42 

















FIG. 1. Plating assembly 


tubes. If the total 
bonate present, as determined by titra- 


centrifuge car- 
tion, is not adequate to give a desired 
BaCO; plate thickness, 
standard NasCO; may now be added. 


aliquots of 


Using the plate size and techniqu 
described, 0.75 mmoles of COs: yield 
BaCO; samples of infinite thickness 
i.e., greater than 20 mg/cm?. 

Phenolphthalein indicator is added 
to the tube as an aid in maintaining an 
alkaline solution during precipitation, 
and the tube is placed in a 45° C to 
55° C water bath. An excess of the 
BaCl.-NH,Cl mixture is added force- 
fully to the sample by a syringe fitted 
Five ml of the de- 
scribed reagent are sufficient to precipi- 
tate the CO,” for infinitely thick sam- 
ples. Additional NaOH must be added 
quickly if the reagent should decolorize 
the indicator. During the entire oper- 
ation, care is taken to exclude CO, con- 
tamination by keeping the tubes cov- 
ered whenever possible. Flushing of 
the empty tube with N, at the start of 
the preparation and whenever the tube 
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neapped will also serve to minimize 

), contamination. 

rhe precipitated sample is allowed to 

iin at 45° C for at least 10 min. It 
now be plated immediately or 
wed to stand stoppered at room 
perature for 24 hours or longer. 
The sides of the tube are washed down 
th a few ml of 3:1 alcohol-ether to 
nimize creeping of the BaCQ;. The 
mples are centrifuged at about 
2,500 rpm for 10 minutes and the super- 
tant fluid carefully aspirated off with 
hypodermic needle attached to suc- 

m. While any BaCl-NH,Cl re- 
gent remains with the precipitate, 
ire is taken to minimize exposure to 
CO». The precipitate is suspended in 
15 ml of distilled water, being stirred 
with the first 2 ml. Good dispersion 
s assured if the precipitate is spread 
ver the bottom part of the tube and 
rapidly triturated with a heavy stirring 
rod After centrifugation, the water 
wash is aspirated off. A number of 
plates have been prepared without 
ising this water wash, but for heavy 
samples such a wash is desirable. 

The precipitate now is well sus- 
pended, again with thorough stirring 
in 10 to 15 ml of 3:1 alcohol-ether, 
centrifuged, and the solvent removed 
Dy aspiration. 

The apparatus shown in Fig. 1 is 
now assembled, a filter-paper disk being 
placed under tared plate D in cup A. 
Sleeve B is well seated against D and 
the thumb screws tightened manually. 

The BaCO, is suspended in 2-3 ml 
aleohol-ether, stirred, and transferred 
to the apparatus with a modified medi- 
cine dropper.* Three additional por- 
tions of solvent (with adequate stirring) 
will usually transfer at least 95% of the 
precipitate. 

The assembly is placed in a 250 ml 
trunion cup and centrifuged at 2,000 

*A blunted and fire polished Folin-type 


pipette makes an excellent pestle and transfer 


accessory. 
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rpm for 5 min. The alcohol-ether is 
aspirated, and the cups are again centri- 
fuged and spun until they appear dry 
(15-45 min). An infrared lamp di- 
rected upward through the bottom 
drain hole of the centrifuge bowl, or a 
stream of hot air similarily introduced 
speeds up the drying 

The set screws are removed and 
sleeve B is carefully lifted from A, care 
being taken not to disturb the edges of 
the BaCO,; sample. Plate D is raised 
above the top flange of A by the use of 
adapter F. The plate is now placed in 
a 110° C oven for 10 min, which serves 
to dry the sample completely and in- 
hibit exchange reactions with gaseous 
CO, (4, 8). 

The filter paper disk may be counted 
to determine any loss of activity during 
the plate preparation. Occasionally 
some of the organic solvent leaks out 
during centrifugation, but the disk has 
never indicated the loss of activity. 


Results 

The completed barium carbonate 
plate is of uniform thickness, smooth, 
and has well-defined perpendicular bor- 
ders. No cracking or curling is present. 
The BaCO; is very adherent to the 
aluminum plates,f and it withstands 
repeated handlings. 

That the described technique may be 
used over a wide plate weight range is 
indicated by the data of Table 1. 
To collect the data for a self-absorp- 
tion curve, a series of ten consecutive 
preparations was made from standard 
NasC'O, solution. The weight of 
BaCO; ranged from 31.7 mg to 414.2 mg 
with a yield, on a weight basis, of 95.7 
to 99.1% and an average of 97.6%. 

Tables 2 and 3 indicate the repro- 
ducibility of the plating procedure. 

Table 2 lists the results of eight con- 


+ If the sample is accidently defaced, it may 
be restored by transferring all remaining 
BaCO; to a small agate mortar, grinding it to a 
paste (in 3:1 alcohol-ether) and centrifuging it 
in the holder as before 
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secutive preparations (two series of 
four each) designed to test the range of 





TABLE 1 
Recovery of Carbonate by the Plating 


Procedure 

BaCO; Bao; Recovery 
mg / plate mg jem? BaCO;* 
31.7 6.3 107 
43.5 8.7 105 
59.1 11.8 100 
85.7 a 96.7 
115.5 33.3 97.7 
156.0 31.2 97.7 
204.1 40.8 97.3 
263.1 52.6 98 4 
812.5 62.5 95.7 
414.2 91.2 99.06 


Mean recovery of 6 protected samples 
= 97.65% 


* The first four preparations were made with- 
out complete protection from atmospheric CO: 
and thus illustrate the degree of contamination 
that may occur. 





TABLE 2 
Reproducibility of the Plating Procedure 
at Constant Specific Activity 
(Identical Samples) 


BaCO;* BaCO;3  Activityt Specific 
mg/plate mg/cm? cpm/plate activityt 


9 30 17.92 


oa 


792 


151 ., 7 

155.1 St.¢ 1,780 17.80 
153.0 31.0 1,780 17.80 
152.5 30.8 1,780 17.80 
153.0 31.0 1,818 18.18 
154.2 31.4 1,798 17.98 
151.0 30.3 1,767 7.67 
154.6 31.5 1.773 17.73 


Standard deviation = 0.161 
Relative probable error = 0.60% 


* BaCO; plates were prepared by precipita- 
ting a mixture of 1 ml of NasC!Os;, 1.5 ml 
of 0.56M NaoCOs, and 4 a of 0.5N NaOH with 
5.0 ml of 0.5N BaCl- Cl. 

+ Counted immediately ‘unde rT the window of 
an RCL mk 1, md 3, 1.5 mg/cm? end-window 
GM tube. 

t At infinite thickness or above, only the top 
20 mg/cm? contributes to the count, so tha 
one may calculate the specific activity as 

total counts (cpm/plate) 


Specific activity = 
; . . 20 X sample area (cm?) 





activity of identical samples. As 
probable error indicates, good re; 
ducibility is assured by the proced 


Table 3 indicates that a const 


amount of C™ activity may be dilut 


by increasing amounts of inert carh« 


ate to yield plates of varying activiti 
Calculation of total activities by t 
indicated equation provides a meth 


of evaluating reproducibility over 


wide range of sample weights. 


o. 
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TABLE 3 


Reproducibility of the Plating Procedure 


at Varying Specific Activities 
(Constant Activity with Varying 
Amounts of Carrier) 


Cale. Cale. Calcu- 

ml O.5N BaCO; BaCOs; lated* 

Na2CO; — mg/ mg cpm/ activ- 
carrier plate cm* sample ity 


2.4 118.4 23.6 2,092.2 2477. 
3.0 148.0 29.8 1,776.0 2628.: 
3.6 177.6 35.5 1,415.0 2513.¢ 
2 207.2 41.8 1,268.5 2628. 
8 236.8 47.3 1,105.9 2618 


Dw 


Standard deviation = 72.48 
Relative probable error = 1.89% 


* Total calculated activity is determined 


from the following equation: 
Calculated activity = 


epm/sample X cale. mg BaCO 
20 X area of sample (cm?) 
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lll. SEMI-MICRO SYNTHESIS OF C'*-LABELED ACETIC ACID 


By John T. Van Bruggen, Cecil K. Claycomb and Tyra T. Hutchenst 
University of Oregon Medical School, Portland, Oregon 


PROCEDURES FOR THE SYNTHESIS of C!4- 
heled acetate both by chemical and 
crobiological methods have been re- 
ewed by Calvin (1), but relatively 
icro quantities have been involved 
id equipment was complex and expen- 
ve. In attempting to synthesize 
irboxyl-labeled acetate by the car- 
onation of a methyl Grignard reagent 
semi-micro quantities, we were un- 

successful in ‘‘sealing down’”’ these 
ethods 
{ new small, compact, inexpensive 

ind easily assembled apparatus, if used 
inder the described conditions, how- 
ver, gives good yields of carboxyl- 
ibeled acetate. With the technique 
lescribed here, reproducible yields of 

80 to 90% are easily obtained when 0.25 

to 1.0 mmoles of acetate are synthesized. 


Materials and Methods 


Apparatus Required. The apparatus 
shown in Fig. 1 has three components: a 
CO, generator C, a delivery tube D, 
ind a carbonation and distillation flask 
E, all of Pyrex glass. 

1. Flask C is made from a female 
$ 14/35 joint and has a small bulb at 
the end. It is fitted with a side arm 
having a two-way oblique-bore stop- 
cock between flask C and reservoir A 
ibove. The capacity of reservoir A is 
ipproximately 5ml. It is closed during 
the reaction with a tightly fitting rubber 
vial closure. 

2. Reaction flask EF is made from a 
30 ml Kjeldahl flask and a female ¥ 
19/38 joint. The flask is joined to the 
10 ml reservoir G by a 2 mm bore capil- 
iry tube through a two-way oblique- 


t AEC Postdoctoral Fellow in the Medical 
Sciences, 


Vol. 7, No. 3 - September, 1950 





pa 
a 
! 
if <- 
\ = 
pan \Gaae ®M RF 





ir 4] } J \ 

Wee © 2) | \4 
hi] ss) 
|} Va ry | 
{ = 


WT HG 


Jo 
| a) 
\ * , 











FIG. 1. Synthesis assembly 


bore stopcock. Since the final product 
is distilled from the same flask, it is 
well to have the stopcock above the 
$ joint on EF. Reservoir G is also fitted 
with a rubber closure. The capillary 
tube from stopeock F to flask FE should 
enter flask FE at such an angle as to 
direct entering reagent to the bottom of 
the flask. 

3. Flasks C and FE are connected by 
tube D containing 60 to 80 mesh anhy- 
drone held in place with glass-wool 
plugs. The tube is fitted with $ joints 
to fit C and E. 

4. A liquid nitrogen bath is used to 
cool flask EF during the reaction. 

§. Distillation of the acetic acid is 
accomplished with the aid of the assem- 
bly shown in Fig. 2. The $ 19/38 
joint of the condenser H serves to at- 
tach the flask E. Distillate is collected 
in flask J which is closed with a three- 
hole rubber stopper that provides for 
the entrance of the condenser tip, a 
soda-lime absorption tube and the tip 
of a micro burette. This arrangement 
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permits the collection of distillate in a 
closed system and minimizes laboratory 
contamination by extraneous CO, 
from the distillation flask. The distil- 
late is continuously titrated; stirring of 
the contents of flask J is most easily 
accomplished with a magnetic-type 
stirrer using a glass-covered bar. 

Reagents Required. The required 
reagents are: 

1. BaC™O;, Oak Ridge, Tennessee. 

2. Methyl magnesium iodide (Grig- 
nard reagent). This is prepared under 
nitrogen using a 10% excess of Mg (2). 
Stirring with a magnetic stirrer appara- 
tus initiates the reaction. The reagent 
is titrametrically standardized by the 
method of Gilman (3). It is usually 
used at 0.5N strength. Storage under 
nitrogen and transfer to reservoir G by 
syringe and needle insures an anhy- 
drous reagent. 

3. 40% 
from reagent 
with distilled water. 

4. Approximately 6N H.SO,. 

6. Solid AgoSO,. 

6. Liquid nitrogen, 
300 ml per reaction. 


prepared 
dilution 


perchloric acid 


grade acid by 


approximately 


Procedure 

Synthesis. All 
apparatus shown in Fig. 1 are cleaned 
and dried and the adapter tube D 
packed with anhydrone. Tightly fit- 
ting vial closures close reservoirs A and 
G. A sample of 0.25 to 1.0 mmole iso- 
topic BaCO; is weighed out in a plati- 
The boat is transferred to 


components of the 


num boat. 
C, with previously reported precautions 
being observed (4). The apparatus is 
now assembled using minimal amounts 
of lubricant, and securely mounted in a 
well-vented hood. 

Both stopcocks are opened, and a 
No. 20 hypodermic needle is inserted 
into chamber G through its vial closure. 
The needle is connected to a water aspir- 
ator, the entire assembly evacuated to 
about 20 mm Hg, the stopeocks closed, 
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and the equipment checked for vac 
Reaction 2 in Table 1 indix 
the importance of the latter. 

A 1.0 ml portion of 40% perch 
acid is then added to A from a syri: 


loss. 


through a needle inserted in the \ 
closure of A. 

A two- to four-fold excess of Gr 
nard reagent (based on the amount of 
BaCOs; used) is added via a nitrogen- 
flushed dry syringe and needle throug! 
the vial closure into reservoir G. 

The bottom 44 of the bulb of flask £ 
is immersed in liquid nitrogen or its 
equivalent and cooled well below the 
freezing point of CO... The apparatus 
is secured in this position so that full 
attention can be directed toward ma- 
nipulation of stopcocks B and F, 

By careful manipulation of stopcock 
B, a small amount of perchloric acid is 
allowed to flow onto the BaCQs; in C to 
obtain a partial and slow liberation of 
CO,. After solid CO, appears on the 
bottom of flask EF, a portion of the 
Grignard reagent is run in by a rapid 
twist of stopcock F. When the liquid 
Grignard reagent contacts the solid 
CO,, there is a rapid volatilization of 
both reagents with the immediate re- 
freezing of an intimate mixture of the 
two. The cycle of COs: liberation and 
Grignard addition is repeated over a 
period of two to four minutes until all 
the CO, has been liberated. Enough 
Grignard reagent usually remains to 
overlay the mixture in E. 

The liquid nitrogen bath is now re- 
placed with an ice-water bath, and the 
contents of E are allowed to melt and 
equilibrate at this temperature. After 
the mixture has completely thawed 
(usually 5 min), the contents are again 
frozen in liquid nitrogen. While the 
mixture is freezing, a small amount of 
CO,-free nitrogen gas is flushed through 
the system from A to E, but care is 
taken to maintain the reduced pressure 

The refreezing and flushing steps 


both serve to accumulate unreacted 
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QO, in flask FE, where it may carbonate 

e Grignard reagent. After refreezing, 

e contents of F are again thawed in an 

bath as before. 

The ice bath may now be removed 

om around £, but before the mixture 

mes to room temperature, 3 to 4 ml 

H.O are added by syringe and needle 

» reservoir G and admitted to the flask 
hrough stopeock F. A positive pres- 

ire in flask G may be necessary to 

ree the water into E, but this is easily 
ecomplished with N» pressure through 

needle in the closure. Then, 0.5 ml 
6.\V H»SO, is added to the decomposed 
Grignard mixture in a manner similar 
to that for water addition. 

The system is now flushed out by 
pening both stopcocks and pulling N: 
through the entire assembly, the gas 
entering through a needle in the vial 
closure in A and leaving through a nee- 
dle in the vial closure of G. The flush- 
ing gas is bubbled through 1N CO,-free 
NaOH to trap any unreacted COs. 

During this procedure, flask EF is im- 
mersed in warm water and flushing is 
continued until the ether has been 
re moved. 

When only an aqueous acid solution 
remains in E, the flask is disconnected 
from D, and the tip of the CO, delivery 
tube of D is washed down with 1 or 2 ml 
of H.O, the water washings falling 
directly into E. To prepare the acetic 
icid for distillation, the rubber vial 
closure is removed from G and an excess 
usually 0.5-0.8 gm) of AgeSO, is added 
to the contents of FE. Because of the 
small size of the distillation flask with 
its consequent bumping hazard, an 
anti-bump granule and about 10-15 mg 
of loose glass wool are added to the flask. 

Distillation. Flask FE is now con- 
nected to the distillation assembly 
shown in Fig. 2. Sand-bath heating of 
the distillation flask EF is necessary be- 
cause of possible overheating of the 
solids in the flask. During the distilla- 
tion, reservoir G is kept filled with water. 
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FIG.2. Distillation assembly. Approxi- 

mations of sizes can be made by com- 

paring with sizes of $ joints in the scale 
of Fig. 1 


After the solution in FE has been con- 
centrated to a small volume (and some 
50-70% of the acetic acid has distilled 
over), water is added from G, either in 
two or three 5-10 ml portions or as a 
continuous trickle through stopcock F. 
The latter not only furnishes the water 
required in the acetic acid distillation, 
but also allows a uniformly higher boil- 
ing mixture to be maintained. 

It is important to avoid drying the 
contents of the flask because of splatter- 
ing and/or AgI decomposition with 
distillate contamination. 

As the distillate collects in flask /, it 
is continuously titrated with standard 
base from the burette shown in Fig. 2, 
using phenophthalein as_ indicator. 
This enables the operator to evaluate 
the acetic acid distillation rate. 

The closed system of Fig. 2, vented 
through a CQO, trap, serves to confine 
the C' activity. During the titration, 
stirring of the closed system is most 
easily accomplished with the aid of a 
glass-covered bar in flask J activated 
by an external magnetic stirrer. 


Results 
Some fifty nonisotopic reactions were 


carried out in developing the present 
technique. Prior to the isotopic syn- 
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TABLE 1 
Synthesis of C14 Carboxyl-labeled Acetate 


Grignard 
Synthesis BaCOs used used 
number mmoles mec meq 


ft 0.373 0.998 0.85 
2§ 0.381 1.02 1.674 
3 0.307 0.822 1.953 
4 0.413 eet 2.092 
5 0.812 2.17 4.185 


Countst 


Base Calculated 
required Percent* yield as per 
meq yield mg NaAc yield 
1.52 68.0 20.8 5.6 & 10 
2.79 73.0 22.8 8.4 X10 
2.56 83.4 21.0 5.9 x10 
3.63 87.7 29.7 1.11 XK 10 
7.10 87.3 58.2 2.76 xX 10 


* Calculated from milliequivalents base required. 
t Reaction product diluted to 100 ml. Aliquots combusted and plated as described in the first 


and second papers of this series. 


+ Loss of an undetermined amount of C'* BaCO; during transfer of the weighed BaCOs to reactivr 


flask C (4). 


§ Vacuum loss during run (pinhole discovered in apparatus after synthesis). Apparatus was 
repaired and a subsequent “cold run"’ showed 87 % efficiency. 





thesis by the perfected procedure re- 
ported in this paper, four consecutive 
runs were made with inactive BaCQs. 

The first run in this series consisted 
of 0.503 mmole BaCO; and 2.0 milli- 
equivalents Grignard reagent, and gave 
a 72.8% yield. The next three in- 
volved 2.7 milliequivalents of Grignard 
reagent and gave yields of 95.0, 90.4, 
and 88.4%, respectively. 

Table 1 lists the results of five reac- 
tions using BaC'O; which had a 
reported activity of 0.0136 mc/mg. 

It is readily seen that, with all condi- 
tions well controlled, the yield of acetic 
acid, as determined by titration, was 
essentially the same as with the non- 
isotopic reactions above. 

Table 1 presents the calculated total 
number of counts for each synthesis, 
based on assay of aliquots taken from 
the total synthesis diluted to 100 ml in 
water. The aliquots were dried, wet- 
combusted, CO.-absorbed in NaOH, 
precipitated with carrier Na.,CO; as 
BaCOs;, and counted at infinite thick- 
ness from aluminum plates placed 2 mm 
under a GM tube. Values consistently 
five times larger were obtained when 
the same samples were counted in a 
standard model gas flow counter. 
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The ratio between the number of 
counts per sample and the absolut: 
number of disintegrations per sampl 
can be approximated for any standard- 
ized counting procedure by counting 
aliquots of a standardized radiochemical! 
such as Oak Ridge-assayed BaC'4O 
and by determining and correcting for 
procedural losses (combustion, plating, 
counting, ete.). Determined in this 
manner, the routine procedure gives a 
ratio of about 0.008 with an end-window 
tube and 0.040 in the gas flow counter. 
This represents respectively an 0.8% 
and a 4.0% over-all efficiency of com- 
bined techniques. 


* * * 


The authors gratefully acknowledge the 
assistance and advice of Dr. Edward S 
West, administrator of the contracts. 
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Chemical Syntheses 


of Radioisotope-Labeled Compounds—I 


This is the first half of an up-to-date status report on 
the rapidly increasing activity in the field of chemical 
synthesis of compounds labeled with C", I'*4, S*, and P*. 
It is a companion piece to the report on biochemically syn- 
thesized compounds published in the August NUCLEONICS 


By CHARLES E. CROMPTON and NATHAN H. WOODRUFF 


Isotopes Division, United States Atomic Energy Commission 


Oak Ridge, 


[HE PREPARATION of this status report 
vas inspired by the marked and grow- 
ng interest in chemically synthesized 
ompounds labeled with radioisotopes. 
\s illustration of this increasing activ- 
ty, the following facts concerning 
irbon-14 distribution may be cited: 

Better than 75% of the carbon-14 
distributed by the Atomic Energy Com- 
mission as barium carbonate, for in- 
stance, is changed into other compounds 
by chemical synthesis. The amount of 
earbon-14 distributed has, moreover, 
doubled during each six-month period 
for the past two years. This trend 
s expected to continue for some time as 
more and more scientists receive train- 
ng in the use of radioisotopes. In addi- 
tion to carbon-14, other radioisotopes 
such as iodine-131, sulfur-35, hydro- 
gen-3, and phosphorus-32, are being 
ised in labeled compounds. 

\ recent summary of syntheses in- 
volving deuterium, nitrogen-15, car- 
bon-13 and -14, and oxygen-18 is con- 
tained in the article ‘‘Isotopic Tracer 
Techniques,” by H. Arnstein and R. 
Bentley, Quarterly Reviews 1V, No. 2, 
172 (1950). 

For the many investigators not 
equipped to perform lengthy syntheses, 
in increasing number of labeled com- 
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pounds have been made commercially 
available. In January, 1948, metha- 
nol-1-C'* was the only compound 
offered for sale; in January, 1949, over 
two dozen such items could be pur- 
chased, while in January, 1950, over 
130 different labeled compounds were 
commercially available for research 
and represented collective efforts of 
nine different laboratories. A complete 
list of these compounds together with 
price, specific activities, and package 
sizes appears in Isotopes Division Cata- 
log Supplement No. 3. Information is 
not generally available on the syn- 
thesis of the commercially available 
compounds. 

The complexity of some syntheses 
and the low yields of others result in 
substantial prices for these materials. 
During the past year much emphasis 
has been placed on improving the 
yields in key tracer synthesis. The 
cost of developing a satisfactory syn- 
thetic procedure is understandably 
large. The Isotopes Division’s active 
interest in this problem is evidenced by 
eleven existing contracts for the de- 
velopment of satisfactory commercial 
syntheses for about ninety useful or- 
ganic compounds. The underlying phi- 
losophy of this program is to subsidize 
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the development cost of the syntheses 
and thereby make these compounds 
available at a lower price than would 
otherwise be possible. 

A list of compounds whose syntheses 
are being investigated under contract 
with the Isotopes Division will be pub- 
lished with Part II of this article. Al- 
though this work has been initiated, no 
detailed information is now available on 
the status of each synthesis. 

Nomenclature. The nomenclature 
used for isotopically labeled compounds 
has, up to the present time, been some- 
and therefore oc- 
casionally confusing. At a 
meeting,* an effort was made to choose 
a system for naming isotopically 
labeled compounds which 
mutually acceptable to the Isotopes 
Division and the three largest Atomic 
Energy laboratories en- 
gaged in the synthesis of labeled com- 
pounds, i.e., the Oak Ridge National 
Laboratory, the University of Cali- 
fornia Radiation Laboratory, and the 
Alamos Scientific Laboratory. 
Some preliminary recommendations 
were made at this meeting and a num- 
ber of them have been incorporated 
A more com- 


what inconsistent 


recent 


would be 


Commission 


Los 


in this status report. 
prehensive study of the nomenclature 
problem is currently being completed, 
and it is hoped that the subsequent 
recommendations of this group will be 
published in the near future. 

What follows is a compendium of the 
majority of radiochemical 
completed since the book “Isotopic 
Carbon” was published.t The refer- 
ences that appeared in the latter text 


syntheses 


*Held during July, 1950, at Los Alamos, 
N. Mex., and attended by C. J. Collins of Oak 
Ridge National Laboratory, B. M. Tolbert of 
the University of California Radiation Labora- 
tory, A. R. Ronzio of the Los Alamos Scientific 
Laboratory and C. E. Crompton of the Isotopes 
Division. 

t ‘Isotopic Carbon,”” by M. Calvin, C. 
Heidelberger, J. Reid, B. Tolbert, P. Yankwich 
(John Wiley & Sons, Inc., New York, 1949) is a 
comprehensive text that contains a valu- 
able summary of chemical techniques and 
manipulations. 
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are also included in this paper and 
designated by an asterisk. The nom: 
clature employed in ‘Isotopic Carbo 
has been retained for these referen: 
This report is broken down into t 
categories of compounds labeled w 
carbon-14, iodine-131, sulfur-35, a 
phosphorus-32 as follows: 

1. Low carbon inter- 
mediates (C, to 
C4) 

?, Acyclic acids and 
derivatives 

3. Amino acids 

,. Cyclic compounds 

(saturated and un- 

saturated) ft Carbon-14 
5. Heterocyclic com-/ compounds 
poundst 
6. Steroidst 
?. Vitaminst 
8. Sugarst 
9. Sedatives and mis- 
com- 





cellaneous 
pounds of — 
logical interest t 

10. Todine-131 compounds ft 

11. Sulfur-35 compounds} 

12. Phosphorus-32 compounds t 
Preceding each section are a few high- 
lights in the development of that par- 
ticular group of compounds. 

As recorded here, this summary does 
ach synthesis 





not include details of 
with regard to particular manipulations 
and used; the syntheses 
listed merely 
general routes and procedures involved 
Not all existing syntheses of labeled 
compounds are listed, but the bulk of 
the work in this field is represented 
Until wider publication of such in- 
formation is achieved, it will be a useful 
roster of the majority of compounds 
and active workers in this field. It is 
hoped that at a later date a more de- 
tailed and comprehensive review paper 
Contributions from 


techniques 


serve to indicate the 


‘an be published. 


t Will be published in Part II of this paper 
to appear in the October NucLEONICcSs, 
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investigators will be very welcome. 
Availability of documents. Atomic 
nergy Commission unclassified docu- 
ents, referred to in this report, which 
re available for sale, may be obtained 
om the Office of Technical Services, 


Department of Commerce, Washington 
25, D. C 
ments not offered for sale’ should be 
directed to the Technical Information 
Division, U. 8S. Atomic Energy Com- 


Inquiries concerning docu- 


mission, Oak Ridge, Tennessee. 





1. LOW CARBON INTERMEDIATES (C.-C, 





There has been no slackening in the 
forts to develop new syntheses or 
mprove the yield of old syntheses of 
ersatile intermediates such as acety- 
ene, methanol, formaldehyde, ete. 
The problems created by successfully 
reducing a macro procedure to an 
efficient millimole scale continue to be 
of considerable importance. An _ ex- 
treme in this connection is well illus- 
trated by the method developed by 
\rrol and Glasscock to prepare acety- 
lene on a 2-20 micromole scale. Of the 
several methods to synthesize labeled 
cyanide, the recently disclosed method 
of Heard, et al., is perhaps the most 
interesting. Abram’s method has also 
found increasing popularity. There is 
considerable emphasis on the further 
improvement of syntheses of barium 
carbide, cyanide, etc. The practical 
syntheses of cyanamide offer a ready 
route to labeled urea, thiourea, and 
guanidine, all of which have utility. 


The announced commercial avail- 
ability of N-methyl-C'*-urea, from 
which diazomethane may easily be 
prepared, opens a new route for intro- 
ducing a label into cycloketones and, 
through the Wolf rearrangement of 
diazoketones, into the 2 position of 
acids, esters or amides. 

The synthesis of sodium formate and 
methanol gives some indication of the 
increasing popularity of metal hydrides 
as general reducing agents. In many 
respects, this technique offers advan- 
tages over catalytic hydrogenation. 
Lithium borohydride was used to reduce 
carbon dioxide to formic acid while 
methanol was prepared by using 
lithium aluminum hydride. 

There has been a great deal of 
interest in obtaining labeled glycerol 
and a number of laboratories are now 
seeking practical routes to this product. 
a NOTE: Asterisk (*) before the compound denotes 
reference appeared in ‘Isotopic Carbon,” and a page 


number in the book is given for references unavailable 
elsewhere. 


*Acetaldehyde-1,2-C'*. RK. Cramer, G. Kistiakowsky, J. Biol. Chem. 187, 554 (1941) 


*Acetone-2-C'*. <A. V. Grosse, S. Weinhouse, Science 104, 402 (1946) 


Acetylene-1,2-C.'". W.H. Beamer, Dow Chemical Company, Midlands, Mich. 

CO: and barium metal at 400° C gave a mixture of elemental carbon and barium 
carbide. Upon heating to 600° C, the product was converted to barium carbide. 
Hydrolysis gave 91% acetylene, 3% ethylene and 2.5% ethane. 


Acetylene-1,2-C:;'*. S. Monat, C. Robbins, A. R. Ronzio, Los Alamos Sci. Lab., 


(\ECU-672 


An analytic study of the conversion of barium carbonate-C'* to acetylene is presented. 
Barium carbonate and finely shredded barium metal were fused in a helium-swept 
itmosphere. The hydrolysis of barium carbide took place in a nitrogen-swept atmos- 
phere. The importance of recovering acetylene dissolved in the water was demon- 
strated. Acetylene was analyzed by precipitating silver acetylide and titrating with 


thiocyanate. 


Acetylene-1,2-C.'*. KR. Nystrom, Y. Loo, K. Mann, J. Allen, Univ. of Illinois 


Barium carbide was prepared by a method similar to that reported by Arrol and 
Glasscock who heated C'*O2 and barium metal in a stainless steel furnace tube. The 
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acetylene generated corresponded to a 96° radiochemical yield. 
phosphine were found in the product. 


Neither ammonia 


Acetylene-1,2-C:.''; barium carbide-C'*. W. J. Arrol, R. Glasscock, J. Chem. § 
1534 (1948) 

This 2-20 micromole scale synthesis was carried out to give yields of over 90 
Detailed conditions are given together with a discussion of the variables. Bari; 
carbide was formed at 500 600° C in a stainless steel furnace tube. 


Acetylene-1,2-C,'*. W. J. Arrol, R. Glasscock, J. Chem. Soc. 335 (1949) 

Efficient procedures are reported for carrying out reactions on a 10-20 microm: 
scale. Acetylene-1,2-C2'* is formed from C'*O. according to published method 
After reduction to ethylene-1,2-C2'* by chromous chloride solution, heating wit 
saturated hydriodic acid yielded ethyl iodide-1,2-C2'*. Ethyl iodide vapor, in contac: 
with heated magnesium metal, forms the useful Grignard reagent in moderate yield 


*Acetylene. kt. D. Cramer, G. B. Kistiakowsky, J. Biol. Chem. 137, 549 (1941): als 
W. J. Arrol, R. Glasscock, Nature 169, 810 (1947) 


*Acetylene (Summary). M. H. Bigelow, Chem. Eng. News 25, 1938 (1947) 


1-Butene-4-C'*. R. B. Regier, R. W. Blue, J. Org. Chem. 14, 505 (1949) 

Methyl-C'*-magnesium iodide was reacted with allyl bromide as the latter was added 
dropwise into the ether solution. The 1-butene was fractionated into three cuts; the 
middle fraction contained less than 1% C'* impurities as measured by infra-red spectra 
The over-all yield from methy! alcohol-C'* was 63%. 


2-Methyl-2-butene-1-C'‘; -2-C'*. J. D. Roberts et al., Massachusetts Inst. of Tech 

The 2-methyl-2-chlorobutane-1-C'4, when treated with H2O, split out HCl to give a 
42% yield of the desired compound. 2-methyl-2-butanol-2-C™ was dehydrated with 
H.SO, to give a 59% vield of 2-butene and a 14% yield of 1-butene. 


*Carbon monoxide. J. T. Kummer, J. Am. Chem. Soc. 69, 2239 (1947) 


Carbon tetrachloride-C'’. W.H. Beamer, J. Am. Chem. Soc. 70, 3900 (1948) 

Methane-C'* synthesized on a 1-2 millimole scale in 96% yield by the low-pressure 
catalytic hydrogenation of C'O» with a Ni-ThO: catalyst at 330°C. The direct chlorin- 
ation of gaseous methane with ultraviolet radiation in a 25% excess of chlorine was 
accomplished in one hour. The 1.5% hexachloroethane-1,2-C2'* was separated by low- 
temperature vacuum distillation. To chlorinate last traces of methylene chloride and 
chloroform completely, it was found necessary to complete the reaction in the liquid 
phase. The over-all yield of carbon tetrachloride-C'* was 92-94%. 


Cyanamide-C''; urea-C''; guanidine-C'*. S. H. Zbarsky, I. Fischer, Can. J. Research 
B27, 81 (1949) 

Cyanamide was synthesized in 70% yield by heating barium carbonate-C"™ at 850° C 
in a stream of ammonia and extracting, with water, the barium cyanamide formed. 

Urea-C'4 was prepared from cyanamide by suitable hydrolysis. 

Aqueous cyanamide-C'4, upon heating, was converted to its dimer dicyandiamide. 
This latter material was converted into guanidine by fusion with ammonium nitrate at 
180° C. A 5-10 millimole scale was employed to give good yields. 


*Barium cyanamide. N.H. Marsh, L. C. Lane, D. J. Salley, American Cyanamid Co., 
private communication (page 158) 
Hydrogen cyanide C'*. RK. Abrams, J. Am. Chem. Soc. 71, 3835 (1949) 

Carbon dioxide was reduced to elemental carbon with magnesium powder and the 
amorphous carbon converted to hydrocyanic acid with ammonia gas at 1000° C. The 
reduction step yielded about 15% magnesium carbide and 10% carbon monoxide. 
Over-all yields of cyanide are from 60 to 70%. 


Hydrogen cyanide-C'*. R. H. Heard, B. Belleau, 8S. Solomon, McGill Univ., Montreal, 
Project (C-876) 

Since existing methods for synthesizing cyanide were not consistently reliable, a new 
method was developed. 

Readily available triphenylmethylsodium carbonates readily in good yield (80-85 %) 
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give triphenylacetic acid-1-C'4, The corresponding acid chloride and amide were 
tained practically quantitatively in the usual way. Dehydration of the amide 
ve the nitrile in 90% yield. The nitrile readily undergoes hydrogenolysis to yield 
inide and triphenylmethane rather than yielding triphenylethylamine. The over-all 
eld of very pure cyanide from CO: was 60%. Method is believed to have advantages. 


Hydrogen cyanide-C'*. L.L. Miller et al., Univ. of Rochester 
Efforts are being directed to improve the Adamson procedure. At present consistent 
elds of 60-70% cyanide are attainable. 


‘Potassium cyanide. RK. D. Cramer, G. B. Kistiakowsky, J. Biol. Chem. 137, 547 
941); also R_ B. Loftfield, Nuc.teonics 1, No. 3, 54 (1947) 


‘Sodium cyanide. A. W. Adamson, J. Am. Chem. Soc. 69, 2564 (1947 
‘Cyanogen chloride. (C. N. Rice, P. E. Yankwich, unpublished experiments (page 158 
Diazomethane-C'*. A. R. Jones, W. J. Skraba, Oak Ridge Natl. Lab. 
Methyl-C'*-urea was prepared in 100% yield by heating methylamine hydrochloride 
| potassium cyanate. Nitrous acid then converted this compound into N-nitroso-N- 
ethylurea in 70% yield. To an ether solution of nitrosomethylurea, 50% potassium 


vdroxide was added and, after reaction, the diazomethane was isolated in the usual 
anner The over-all vield was 54% from sodium cyanide. 


Diazomethane-C'*, KR. D. Heard, 8. Solomon, McGill Univ., Montreal, Project (C-876) 
The reduction of eyanide-C'* to methylamine proceeds in 85% yield using Adam's 
latinum catalyst and purified hydrogen. N-methyl-C'* urea was formed from methyl- 
ine hydrochloride-C 4 and urea after which nitrous acid gave N-nitroso-N-methyl-C 4 
urea. Treatment with potassium hydroxide gave an over-all yield of 35%. 


Ethanol-1-C'*; ethyl iodide-1-C'*. P. Adams, B. M. Tolbert, Univ. of California 
Radiation Lab. 

By high-pressure hydrogenation of the Cd-Ni salt of acetic acid-1-C'*, ethanol was 
produced in 80-90 % yield, and this was converted to the iodide in 90-95 % yield. 


} 


Ethylene-1,2-C.'*. M. Fields, S. Rothchild, J. Gibbs, D. Walz, Tracerlab, Inc., 
Boston, Mass 

The conversion of acetylene-1,2-C 
the acetylene with chromous chloride in dilute hydrochloric acid solution. The reaction 
vessel was freed of traces of air by degassing with a stream of oxygen-free nitrogen. 
Che mixture was shaken vigorously for 20 hours after which the mixture of ethylene and 
remaining acetylene was distilled into 25 ml of 2N sodium hydroxide containing 5 gm of 
mercuric cyanide and chilled in liquid nitrogen. On shaking, traces of acetylene were 
removed by this solution. Pure ethylene was obtained in 88-95% yield. 


Ethylene-1,2-C2'*. KR. Nystrom, Y. Loo, K. Mann, J. Allen, Univ. of Illinois 


Radioactive acetylene was introduced into a 25° HCl solution containing chromous 
chloride, the mixture being at —190° C. The tube was sealed off and warmed to room 
temperature and then shaken for two hours. After opening, the product was vacuum 


distilled and dried to give a 97% yield of ethylene. 


Ethylene-1,2-C.'‘-thiourea. R. W. Greenlee, W. C. Ellis, M. M. Baldwin, Battelle 
Memorial Inst. 


‘ 


24 to ethylene was accomplished by reduction of 


One millimole of product was synthesized on a 5 millicurie level of activity. After 
various methods had been tried, that of Arrol and Glasscock was found to give the best 
vield of acetylene (80%). The chromous ion reduction of Traube and Passarge [Ber. 
49, 1692 (1916)] was used to obtain ethylene-1,2-C2'* in 99% yield, which was then 
converted to the bromide with a 30% excess of bromine. Ethylenediamine was 
formed via a classical Gabriel synthesis and was then converted to ethylene-1,2-C2!*- 
thiourea by refluxing in the presence of PbCO;. Sublimation completed this last step. 
The over-all yield was 29% from BaCOs. 


Formaldehyde-C'*. A. R. Jones, W. J. Skraba, Science 110, 332 (1949) 


Methanol-C'* was acetylated with acetyl chloride and the resultant methyl-C' 
acetate was monochlorinated. The monochlorination was accomplished by allowing 
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a frozen mixture of chlorine and methyl acetate to warm to room temperature in 
evacuated bulb. Better yields were obtained when a slightly less than molar proporti 
of chlorine was used. The crude product was hydrolyzed with water and diluted w 
carrier formalin solution. It was neutralized and distilled to yield a neutral solution 
formaldehyde. The yield was 55%. 


*Formaldehyde. B. M. Tolbert, F. Christenson, unpublished data (page 166) 


Potassium formate-C'‘, methanol-C'‘, methyl iodide-C'*. P. Adams, R. Selff, B. \ 
Tolbert Univ. of California Radiation Lab. 

CO: was reduced as the bicarbonate by high-pressure hydrogenation to formate 
85-90 % yield, and the Cd-Ni salt of this was reduced by high-pressure hydrogenation 
methanol in 83-88 % yield. The alcohol was converted to methyl! iodide in 95% yield 


Sodium formate-C'*. (. Heidelberger, R. Hulbert, Univ. of Wisconsin Med. Schoo! 

This was prepared from sodium cyanide in quantitative yield and analytical purit 
by heating the cyanide, dissolved in 5 times its weight of water, in a sealed tube at 150° ( 
for 12 hours. After opening the tube and evaporating to dryness, sodium format: 
remains free from traces of cyanide. 


Sodium formate-C'‘; ethyl formate-C'*. J. G. Burr, H. E. Heller, W. Brown, Oa! 
Ridge Natl. Lab., ORNL-396 (Dec., 1949) 

Carbon dioxide-C'* was reduced to formic acid upon passage into an ethereal solutio 
of lithium borohydride at 0° C. By-products of the reaction are methanol (10-15/ 
and diborane. About 15-20% CO» was unreacted in one pass through the solution and 
was trapped. A heavy powdery precipitate formed in the reaction solution. Ths 
reaction mixture was hydrolyzed with water, and the formic acid distilled off after the 
addition of phosphoric acid. A 70% yield was obtained. Formaldehyde-C'4 was shown 
to be absent. Ethyl formate-C'* was readily formed using diethylsulfate and refluxing 
at 170° C for 10 minutes. Yield was 96-98%. 


Sodium formate-C'*. R. Anker, Western Reserve Univ. Med. School 

BaC'!4O; was converted to formate by hydrogenation of NaHCO; or KHCOs; over 
palladium catalyst according to method of Melville [J. Biol. Chem. 169, 419 (1947 
The reported difference between NaHCO; and KHCOs; was not observed in the hydro- 
genation. Low yields of 70% vs. 94% reported were attributed to the use of commercial! 
Pd-catalyst. 


Sodium formate-C'*. A. Murray, A. R. Ronzio, Los Alamos Sci. Lab., AECU-834 

A very efficient micro method for the oxidation of formaldehyde-C "4 to formic acid-C'' 
was developed. Oxidation was carried out in dilute aqueous alkali by the addition of 
“Superoxol.’’ The-yield for this reaction was 98%. 


*Guanidine hydrochloride-C'*. N.H. Marsh, L. C. Lane, D. J. Salley, American 
Cyanamid Co., private communication (page 158) 


*Methane. G. R. Hennig, Atomic Energy Commission, AECD-1794 


*Methanol. B. M. Tolbert, J. Am. Chem. Soc. 69, 1529 (1947); also D. B. Melville, 
J. R. Rachele, E. B. Keller, J. Biol. Chem. 169, 419 (1947); also R. F. Nystrom, W. H. 
Yanko, W. G. Brown, J. Am. Chem. Soc. 70, 411 (1948) 


Methanol-C'*, R. Nystrom, W. J. Skraba, R. G. Mansfield, Oak Ridge Natl. Lab., 
ORNL-395 

Basically, the process consists of introducing C'O:2 into a solution of LiAlH, in 
diethylearbitol, treating the resulting product with n-butylearbitol and removing 
liberated methanol by distillation. The yield is about 90%. Difficulties arise due to 
the presence of traces of diethyl ether in commercial LiAlH, and a clean separation 
between methanol and diethylearbitol is not too easily achieved. After the addition of 
n-butylcarbitol to destroy excess LiAl]H,, it is the usual practice to pass helium through 
the mixture at 40° C for 45 minutes. This removes diethyl ether and virtually no 
methanol. 

Commercial carbitol solvents must be purified by treatment with sodium and frac- 
tional distillation. Low chemical yields resulted from heating the mixture at too low 
a temperature or for too long a time. 
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Methylamine-C'*, W. J. Skraba, A. R. Jones, Oak Ridge Natl. Lab 
sodium cyanide-C'* was catalytically reduced in dilute acid solution by hydrogenation 
oom temperature over platinum catalyst. The solution was then made basic and 
illed into hydrochloric acid from which methylamine hydrochloride was obtained in 
\ ield 


Methylamine hydrochloride-C'*. M. Fields, et al., Tracerlab, Inc., Boston, Mass. 
Che Schmidt reaction on acetic acid-2-C'4 gave the desired product in 80-90% yield. 

Sodium azide gave erratic results on a 10 millimole scale and hence hydrazoic acid was 
lin chloroform. 100% sulfuric acid was found to give best yields 


Phosgene. J. L. Huston, T. H. Norris, J. Am. Chem. Soc. 70, 1968 (1948) 


Hexalethyl-1-C'‘|-tetrapolyphosphate. Kk. Brauer, R. Pessotti, Science 110, 395 (1949) 
lriethyl phosphate was prepared from ethyl iodide-1-C4 and silver phosphate. The 
oduct was then used with P2O; according to the method of Brauer [J. Pharm. Erpitl. 
herapy 92, 162 (1948)]. 


1-Propene-1-C'‘; propanol-1-C'*. B. Fries, M. Calvin, J. Am. Chem. Soc. 70, 2235 
1948) 
Three methods were tried: (1) dehydration of n-propanol with meta phosphoric acid; 
dehydration of n-propanol over heated alumina; and (3) pyrolysis of n-propyltri- 
ethylammonium hydroxide. 
Methods / and 2 gave extensive rearrangement of the double bond. The pyrolysis, 3, 
gave little if any rearrangement. 
Via a Grignard carbonation, n-propanol-1-C'! was synthesized from ethylmagnesuim 
romide. The ester of the resulting propionic acid-1-C'* was hydrogenated over copper 
hromite to.give an 80% vield of the desired alcohol. 


Thiourea-C'*, C. W. Bills, A. R. Ronzio, Los Alamos Sci. Lab. AEC U-660 
Barium cyanamide-C '* was synthesized by reacting barium carbonate-C'* and baruim 
etal with liquid ammonia in the presence of a trace of ferric nitrate catalyst and heat- 
ng to fusion. Water was added and H2S bubbled through the solution for two hours, 
ifter which the flask was stoppered and heated at 85° C for 20 hours. The product, 
recrystallized from n-butanol, was in 97 % yield. 


Urea-C'*, A. Murray, A. R. Ronzio, Los Alamos Sci. Lab. AEC U-2338 (Oct. 1948) 

4 method was devised to give quantitative yields of urea on a micro scale. Liquid 
immonia containing sodium was allowed to distill into a flask containing barium car- 
bonate-C 4, barium metal, and a crystal of ferric nitrate catalyst. After all the barium 
was converted to the amide, the system was heated to dull red heat. After completion 
if the reaction, the cyanamide formed was hydrolyzed in sulfuric acid. The purified 
irea obtained represented a 95.2% yield. 


*Urea. C.E. Bryan, Atomic Energy Commission, Isotopes Div. Cir. C-8 (Sept. 1947); 
ilso Myerson, Daniels, Univ. of Wisconsin, private communication (page 157) 


Urea-C'‘ and N'5, A. R. Ronzio, D. L. Williams, Los Alamos Sci. Lab., AEC U-662 
Dec. 1949) 

To synthesize urea labeled with both C'4 and N'5, the most practical reaction appeared 
to be the classical conversion of ammonium cyanate to urea. Potassium cyanate-C' 
was first prepared from urea-C' and potassium carbonate (the cyanate carbon is con- 
tributed exclusively by the urea). Insoluble silver cyanate-C'* was then made and re- 
icted with ammonium chloride-N'* to give the desired ammonium-N'*-cyanate-C"'*, 
This latter material was converted to urea in 90% alcohol solution by heating for 6 
hours at 48-52° C. Over-all yield, based on urea used, was 58.5%. 

Vinyl chloride-1,2-C.'‘; polyvinyl chloride-1,2-C.'". W. H. Beamer, Dow Chemical 
Co., Midland, Mich. 

Acetylene-1,2-C2'* was reacted at 120° C with dry HCl over charcoal impregnated 
with mercuric chloride as catalyst to yield vinyl chloride. The formation of 1,1-di- 
chloroethane was prevented by short reaction times and freezing out the vinyl chloride 
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from the recycled acetylene. This material was then polymerized at 50° C in a se 
capillary with the aid of a catalyst to give a durable radioactive plastic. 





2. ACYCLIC ACIDS AND DERIVATIVES 





Although acetylenedicarboxylic acid- The commercial availability of eth 
2,3-C,'* is a very versatile intermediate _isonitrosocyanoacetate-2-C'™ will be 
and in considerable demand, no really value in amino acid syntheses involvi 
practical synthesis of this material has condensations with acetaminocyar 
yet been developed. The yield of acetic ester. Methods are report; 
existing methods has been discourag- which give a 90% yield of oxalic ac 
ingly low. The currently employed A real need exists for long-chain aci 
route to four carbon acids and their both unsaturated and saturated ar 
derivatives is via the reduction of labeled in various positions. 
acetylene-1,2-C,'* to ethylene-1,2-C." NOTE: Asterisk (*) before the compound denotes r 

, > > af chr a a erence appeared in ‘‘Isotopic Carbon." and a page nun 
by the use of ¢ hromous hloride ° in the ee o ptm Be for aiiaiasesaueweiienee aiccaaas 
*Acetic acid. S. Ruben, M. B. Allen, P. Nahinsky, J. Am. Chem. Soc. 64, 3050 (1942 
also L. B. Spector, Atomic Energy Commission, MDDC 532 
*Acetic acid-1-C'*. S. Ruben, M. Allen, P. Nahinsky, J. Am. Chem. Soc. 64, 3050 (1942 
also S. Weinhouse, G. Medes, N. Floyd, J. Biol. Chem. 158, 411 (1945) 

Acetic acid-1-C''; pyruvic acid-2-C'*. R.M. Lemmon, Univ. of California Radiatio: 
Lab., AECU-452 (Aug. 1949) 

Acetic acid-1-C!* was converted to the acetyl bromide and then reacted with cuprous 
eyanide. The acetyl bromide-1-C'* and cuprous cyanide were heated at 70—80° C for one 
hour. Pyruvonitrile was distilled off in 70-75% yield. After acid hydrolysis, pyruvii 
acid-2-C'* was extracted with ether and re-isolated. It was found, however, to contain 
considerable acetic acid as well as pyruvic acid. The former was removed by steam dis- 
tillation of the mixture with a loss of only 10% of the pyruvic acid. 

Difficulty was also experienced due to the tendency of pyruvic acid to polymerize. 
Over-all yields were from 17-36% 

*Acetic acid-2-C'*. B. M. Tolbert, J. Biol. Chem. 173, 205 (1948) 
Acetic acid-2-C'*. D. Hess, Oak Ridge Natl. Lab. 

Methanol-C'* was converted, on a 10 millimole scale, to methyl hydrogen sulfate, 
which was then treated with potassium cyanide solution. The resultant acetonitrile 
was hydrolyzed to acetic acid-2-C"* in an over-all yield of 90%. 
Ethylaceto-1-C'‘-acetate. ©. K. Neville, E. Grovenstein, Oak Ridge Natl. Lab. 

The macro-scale method entails the use of acetyl chloride-1-C'* and the sodium deriva- 
tive of acetoacetic ester. The resultant diacetyl acetic ester was hydrolyzed to ethy!l- 
aceto-1-C'*-acetate and acetic acid-1-C'* each containing one half of the initial radio- 
activity. The over-all yield from acetyl] chloride is 20%. 

*Acetoacetic acid. B.E. Hudson, R. H. Dick, C. R. Hauser, J. Am. Chem. Soc. 60, 1960 
(1938); also Rottinger, Wenzel, Monatsh, 34, 1867 (1913) 

*Acetoacetic acid. W.Sakami, W. Evans, 8. Gurin, J. Am. Chem. Soc. 69, 1110 (1947 
Acetylenedicarboxylic acid-2,3-C'*. W.E. Shelberg, B. M. Tolbert, Univ. of California 
Radiation Lab., AECU-178 (Feb. 1949) 

The preparation of this compound by the carbonation of acetylenedimagnesium 
bromide solutions was examined under various conditions and found to be impractical 
Details are given. The possible formation of calcium acetylenedicarboxylate by the 
high-pressure carbonation of calcium carbide-C'* was investigated but did not occur in 


the pressure and temperature ranges of 900—5,675 psi and 22-335° C. 


Amyl alcohol-1-C'‘; amyl bromide-1-C'*. P. Adams, B. M. Tolbert, Univ. of Cali- 
fornia Radiation Lab. 
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$y high-pressure hydrogenation of the Cd-Ni salt of valerie acid-1-C'*, this alcohol 
: prepared in 55-65% yield and was then converted to the halide in 70% yield. 


Butanol-1-C'*; butyl bromide-1-C'*. P. Adams, B. M. Tolbert, Univ. of California 
By high-pressure hydrogenation of the Cd-Ni salt of butyric acid-1-C'*, this aleohol 
s produced in 70% vield and was then converted to the bromide in 70% yield 


Iso-butanol-1-C'‘; isobutyl iodide-1-C'*. P. Adams, B. M. Tolbert, Univ. of California 
By high-pressure hydrogenation of the Cd-Ni salt of isobutyric acid-1-C', the cor- 
ponding alcohol was prepared and converted to the iodide in 65° yield based on acid. 


2-Butanone-2-C'*. J. D. Roberts, Massachusetts Inst. of Technology 
Propiony! chloride-1-C'* was reacted with dimethyl cadmium to yield 74% of 2-buta- 


e-2-Cl4 


2-Butanol-1-C'*. J. D. Roberts, Massachusetts Inst. of Technology 
Methyl iodide-C'* was converted to the methyl! Grignard and reacted with propional- 
hyde. Inactive sec-butyl alcohol was added as a carrier for purification 


2-Methyl-2-butanol-1-C'*; -2-C'*, J. D. Roberts, Massachusetts Inst. of Technology 
Che Grignard formed from methyl iodide-C ' was condensed with methyl ethyl ketone 
liethyl ether to yield 75% of the 1-labeled product. 
Propiony! chloride-1-C'* was condensed with the methyl! Grignard to give a 79% yield 
f the 2-labeled product. 


2-Methyl-2,3-butandiol-2-C'*. J. D. Roberts, Massachusetts Inst. of Technology 
Starting with 2-methyl-2-butene-2-C', treatment with hydrogen peroxide in acetic 

icid was followed by KOH; 66% of the diol was recovered. 

Citric acid-1-C'*, P. E. Wilcox, C. Heidelberger, V. R. Potter, Univ. of Wisconsin 
y-chloroacetoacetic ester was reacted with inactive HCN to produce y-chloro-8 
irboxy-8 hydroxy butyric acid in 80% yield. The replacement of the y halogen by 
idioactive cyanide was followed by hydrolysis to vield citric acid-1-C'*. The yield in 
his last step is 20-30% due to probable side reactions. 


Ethyl cyanoacetate-2-C''; ethyl-isonitrosocyanoacetate-2-C'*. M. Fields, 8. Roth- 
child, J. Gibbs, D. Walz; Tracerlab, Inc., Boston, Mass. 


Ethyl bromoacetate was prepared from acetic acid-2-C'*, the halogen being replaced 

th evanide by a slight modification of the method described in Organic Syntheses TI. 
Che over-all vield was 70-75%. 

Standard methods using nitrous acid gave excellent vields. The product is largely 
the sodium salt of the oxime due to its acidity. 


*Dodecylamine-1-C'*. H. J. Harwood, H. W. Ralston, J. Org. Chem. 12, 740 (1947) 


Fumaric acid-2-C'‘; malic acid-2-C'*. E. Jorgensen, M. Calvin, Univ. of California 
Radiation Lab. 

Oxalacetic ester was prepared from ethyl acetate-2-C'* and diethy! oxalate. By con- 
rolled reduction of the oxalacetic acid, malic acid was prepared. The malic acid was 
onverted to fumarie acid in 81% yield by dehydration 


Fumaric acid-2,3-C»'‘; succinic acid-2,3-C.'*. R.F. Nystrom, Y. H. Loo, K. M. Mann, 
J. R. Allen, Univ. of Illinois 

Acetylenedicarboxylic acid was obtained from acetylene-1,2-C.2'* and subjected to 
ontrolled catalytic hydrogenation in ethyl ether over palladium catalyst. This last 
tep gave a 90% yield of fumaric acid-2,3-C2". 

Succinie acid-2,3-C2'4 may be obtained upon further hydrogenation. 


Glycolic acid-1-C'‘; -2-C'4. D. M. Hughes, B. M. Tolbert, Univ. of California Radia- 
tion Lab., UCRL-256 (Dec. 1948) 

These syntheses were carried out on a 15-millimole scale starting with sodium acetate 
ibeled in either the one or the two position. The chlorination of anhydrous acetic acid 
vith chlorine in the presence of acetyl chloride, red phosphorus and iodine, was followed 
by the hydrolysis of the chloroacetic acid. The addition of calcium carbonate per- 

mitted the isolation of the insoluble calcium glycolate. The over-all yield of glycol- 
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ate-1-C'* was 65% based on the acetate used. Calcium glycolate-2-C'* was synthes; 
in a 60% yield. 


*n-Hendecanoic acid-1-C'‘; *n-hendecanol-1-C'‘; *n-hendecyl-1-C'* bromide; * 
hexadecanoic acid-6-C'‘; *n-hexadecanoic acid-6-C'* (palmitic acid) ; *5-keto-n-hex 
decanoic acid-6-C'*. W.G. Dauben, J. Am. Chem. Soc. 70, 1376 (1948) 
*Isovaleric acid-1-C'*, W. B. Leslie, Atomic Energy Commission, MDDC 674 
*Lactic acid. KR. D. Cramer, G. B. Kistiakowsky, J. Biol. Chem. 137, 549 (1941) 
*Lactic acid-1-C'*. R.D. Cramer, G. B. Kistiakowsky, J. Biol. Chem. 137, 549 (194 
also W. Sakami, W. E. Evans, 8. Gurin, J. Am. Chem. Soc. 69, 1110 (1947) 

Lactic acid-2-C'‘; lactamide-2-C'*. H.S8S. Anker, J. Biol. Chem. 176, 1333 (1948) 

The hydrogenation of pyruvic acid-2-C'* in water solution was carried out wi 
Adams’ platinum catalyst at atmospheric pressure. Yield is nearly quantitative. 

Lactamide is readily formed by the similar hydrogenation of pyruvamide-2-C™. 
Lauric acid-1-C'*. Kk. Geyer, L. Matthews, F. Stare, J. Biol. Chem. 180, 1037 (1949 

Laurie acid was obtained in 75-85% yield from undecylmagnesium bromide and 
CH4O;. Triflauryl-1-C'*]-glycerol was also synthesized in 70-80% yield. 

*Lauric acid-1-C'*; *lauronitrile-1-C'*. H. J. Harwood, H. W. Ralston, J. Org. Chen 
12, 740 (1947) 

Maleic anhydride-2,3-C,'*. R. F. Nystrom, Y. H. Loo, K. M. Mann, J. R. Alle: 
Univ. of Illinois 

Fumaric acid-C!4 was mixed with acetyl chloride, acetic anhydride and glacial aceti: 
acid and heated in a sealed Carius tube at 140--145° C for 24 hours. After isolation and 
purification by sublimation, a 70% yield of maleic anhydride was obtained. 

Diethyl malonate-2-C'‘; ethyl oxalacetate-2-C'*, ©. J. Collins, G. Ropp, Oak Ridge 
Natl. Lab. 

Diethyl malonate-2-C'* was prepared on a microcurie scale in 21% over-all yield from 
ethyl acetate-2-C™. 

Sodium acetate-2-C' was converted, by the action of hot excess triethyl phosphate, 
to ethyl acetate-2-C'4 in 93% yields. Ethyl acetate-2-C'* was condensed with ethy! 
oxalate in the presence of sodium ethoxide to give ethyl oxalacetate-2-C™ in 53% yield 
A vapor-phase decarbonylation at 350° C gave crude diethyl malonate-2-C" in 71‘ 
yield. 

*Malonic acid-1-C'*. P. Yankwich, unpublished experiments (page 191) 
Malonic acid-2-C'*, G. Ropp, Oak Ridge Natl. Lab. 

This 10-millimole scale synthesis used conventional methods to convert potassium 
acetate-2-C'4 to bromoacetic acid and thence, using aqueous potassium cyanide, to 
cyanoacetic acid-2-C'4, Alkaline hydrolysis, acidification, and ether extraction yielded 
malonic acid-2-C"4 in 76% yield. 

Myristic acid-1-C'*, H.S. Anker (unpublished), Univ. of Chicago., Dept. of Bio- 
chemistry; method of Chuit, et al., Helv. Chim. Acta 10, 113 (1927) 

KC!N was refluxed with excess tridecylbromide in ethanol for 3 days. The mixture 
was hydrolyzed with KOH, acidified, and extracted with petroleum ether. The yield 
was 85%. 

Myristic acid-1-C'*. I. Gray, Univ. of California Radiation Lab. 

Carbonation of the Grignard gave a yield of 92% on a 3-millimole scale. 
n-Octanoic acid-1-C'*. R. P. Geyer, L. W. Matthews, F. J. Stare, J. Biol. Chem. 180, 
1037 (1949) 

72% yield by a Grignard carbonation of heptylmagnesium bromide. 

*Octanoic acid-1-C!*. S. Weinhouse, G. Medes, N. Floyd, J. Biol. Chem. 155, 143 (1944 
n-Octanoic acid-2-C'*. D. I. Crandall, 8S. Gurin, J. Biol. Chem. 181, 829 (1949) 


Hexanoic acid-1-C'4 was prepared from the appropriate alkyl bromide and radioactive 
cyanide. The ethy! ester of this acid was reduced with LiAlH,, and the resultant alcoho! 
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s converted to the bromide. Condensation of the bromide with malonic ester fol- 
ed by saponification and decarboxylation gave the desired product 


n-Octanoic acid-7-C'4. V. Lorber, M. Cook, J. Meyer, J. Biol. Chem. 181, 475 (1949) 


Ethyl bromide-1-C'* was used to prepare di(ethyl-1-C'*) cadmium which was then 
lensed with the ethy] ester chloride of adipic acid. 

Hydrolysis yielded 6-keto-n-octanoic acid-7-C'*. A modified Wolff-Kishner reduction 

»duced the final product. 


n-Octanoic acid-7-C'*, D. Crandall, R. Brady, 8S. Gurin, J. Biol. Chem. 181, 845 (1949) 
Di(ethyl-1-C')cadmium was prepared via the Grignard reagent and condensed with 
hyl adipyl chloride to yield ethyl-e-keto octanoate-7-C'4. The latter compound was 
luced to the saturated acid and saponified via a modified Wolff-Kishner method. 

The over-all yield was 68 %. 

Oxalacetic acid-1-C'*, C. Heidelberger, R. Hulbert, Univ. of Wisconsin Med. School 
The condensation of tertiary butyl acetate-1-C' with di-tertiary butyl oxalate in 
e presence of sodium tertiary butoxide yields the tertiary butyl ester of oxalacetic 
id-1-C'*, This ester, when heated in benzene solution with a trace of p-toluene sul- 

acid, evolved isobutene and formed oxalacetic acid-1-C'*. The yield of about 
18 % for the acid itself is an improvement over the usual methods. 

Sodium-oxalate-1,2-C.'*. F. Kégl, J. Halberstadt, T. J. Barendregt, Rec. trav. chim, 

67, 387 (1949) 

The catalytic reduction of sodium bicarbonate-C'* over palladium gave sodium 
formate-C'* which was then heated to 440° C for several minutes to give a 90% yield of 
sodium oxalate. 

Oxalic acid-1,2-C.'‘; glyoxylic acid-1,2-C.'*. W.C. Bills, A. R. Ronzio, Los Alamos 

Sci. Lab., AEC U-835 
Sodium formate-C' was fused with sodium hydroxide to give an 88-90% yield of 

oxalic acid-1,2-C2'4, Reduction with sodium amalgam, at a pH of 1.5 to 2.0, gave 

optimum yields of glyoxylic acid-1,2-C2"4, i.e., 86-90%. 

Oxalic acid-1,2-C2'*. A. J. Fry, Univ. of California Radiation Lab 
By the reaction of C!*O2 with potassium in the presence of sand at 360° C, oxalic acid 

has been prepared in 45-50% yield with 15% recovery of CO:. 

*Oxalic acid. F. A. Long. J. Am. Chem. Soc. 61, 570 (1939) 


Oxalic acid-1-C'. R. J. Speer, D. R. Carmody et al., Texas Research Foundation 


A solution of sodium propionate-1-C'4 was treated with 0.5 gm of NaOH and 0.4 gm of 
potassium permanganate in a total volume of 11.0 ml. Refluxing at 100° C for 30 
inutes was followed by chilling and destruction of excess permanganate with dilute 
peroxide. The oxalate was isolated as calcium salt in 90% yield based on propionic acid. 


*n-Propanol-1-C'*, B.A. Fries, M. Calvin, J. Am. Chem. Soc. 70, 2235 (1948) 
Propanol-1-C'*, -2-C'4; propyl iodide-1-C'*, -2-C'*; propyl bromide-1-C'4, -2-C'. 
P. Adams, B. M. Tolbert, Univ. of California Radiation Lab. 

By high-pressure hydrogenation of the Cd-Ni salt of the corresponding propionic acid, 
these alcohols were produced in 90-95 % yield and were converted to the iodides in 80 % 
yield and bromides in 70% yield. 
2-Methyl-2-propanol-2-C'*. J. D. Roberts, Massachusetts Inst. of Technology 

Acetyl chloride-1-C'!* was reacted with methylmagnesium chloride and eventually 
with ammonium chloride to provide a 59% yield of 2-methyl-2-propanol-2-C™*. 
2-methyl-3 heptylidene-3-propiolactone-1-C'*. J.D. Roberts, R. Armstrong, R. Trim- 
ble, M. Burg, J. Am. Chem. Soc. 71, 843 (1949) 

Propionyl chloride-1-C'* and capryloyl chloride were condensed in the presence of 
triethylamine to give a 25% yield of the desired lactone. 

*3-Hydroxypropionic acid-1-C'*, P. Nahinsky, C. Rice, 8S. Ruben, M. D. Kamen, J. 
Am, Chem. Soc. 64, 2299 (1942) 


*Pyruvic acid-1-, 2-, or 3-C'*. W.Sakami, W. Evans, S. Gurin, J. Am. Chem. Soc. 69, 
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1110 (1947); also M. Calvin and R. M. Lemmon, J. Am. Chem. Soc. 69, 1232 (1947) 
Pyruvic acid-1-C'*. H.G. Wood, Western Reserve Univ. School of Medicine 

Cuprous cyanide was prepared from sodium cyanide-C™ in 80-95% yield accordi 
to Vogel's *‘ Practical Organic Chemistry.’’ This was then reacted with acety! brom 
and subsequently hydrolyzed to the amide. It was found best to purify the amide | 
sublimation prior to the final hydrolysis to pyruvic acid. The over-all yield was 20-40 
Pyruvic acid-1-C'*, B. E. Christensen, Oregon State College 

The hydrolysis of pyruvonitrile, formed from cuprous cyanide-C 4 and acetyl bromid 
was found to be a complex process yielding such by-products as acetic acid, form 
acid and polymerized materials. The hydrolysis in ethereal hydrogen chloride, co 
taining a theoretical amount of water, gave reproducible yields of 70% pyruvamide-1-C'' 
Hydrolysis of the amide is straightforward and gives a 75% yield of pure pyruvic acid 
Pyruvic acid-2-C'*, H.S. Anker, J. Biol. Chem. 176, 1333 (1948) 

Acety! bromide-1-C!* was synthesized via a Grignard reaction and, after treatment 
with benzoy! bromide, cuprous cyanide in dry cyclohexane converted the bromide to thx 
acetyl-1-C'* cyanide. Yield for this step was 75-80%. Into a chilled ether solution of 
the acetyl cyanide, dry hydrogen chloride gas was bubbled. Upon the addition of 
water, pyruvamide-2-C'4 crystallized out; yield was 40-70%. Owing to the instabilits 
of pyruvic acid, the pyruvamide was stored. The acid was reformed upon heating the 
amide in aqueous HCl on a steam bath for 90 minutes. Over-all yield was about 25-30 ‘ 
Pyruvic acid-2-C'*, R.G. Gould, A. B. Hastings, et al., J. Biol. Chem. 177, 727 (1949 

Sodium acetate-1-C!4 was converted into the acetyl bromide with benzoyl bromide 
and the cyanide formed with cuprous cyanide. Pyruvic acid-2-C' was fractionated 
with inert carrier as a purification step. 

Pyruvic acid-3-C'*, KR. M. Lemmon, Univ. of California Radiation Lab., AECU-452 
(Aug. 1949) 

The basic synthesis involved a Claisen condensation between diethyloxalate and ethy! 
acetate-2-C !4, 

The ethy! ester was formed with the aid of diethyl] sulfate in 90% yield. Using sodium 
methoxide catalyst in peroxide-free ether, the condensation mixture was refluxed for 16 
hours. The oxalacetic ester was hydrolyzed in sulfuric acid and decarboxylated to 
pyruvic acid which was isolated as the potassium salt. Due to polymerization losses, 
the small scale yields did not exceed 11%. 

Sodium butyrate-2-C'‘. P. Adams, B. M. Tolbert, Univ. of California Radiatidn Lab 


By carbonation of the labeled Grignard, this compound was prepared in a yield of 
43% from the iodide, and by preparation of the labeled nitrile and hydrolysis, this com- 
pound was prepared in 85% yield. 


Sodium isobutyrate-1-C'‘; sodium isovalerate-1-C'‘; sodium isocaproate-1-C'*. H 
Hauptmann, P. Adams, Univ. of California Radiation Lab. 

These three fatty acids were prepared from the corresponding Grignard by carbona- 
tion in 97.5, 96 and 95.5% yields, respectively. 
Sodium isocaproate-2-C'*. P. Adams, H. Hauptmann, B. M. Tolbert, Univ. of 
California Radiation Lab. 


Sodium isovalerate-1-C'* was converted to cetylisovalerate and hydrogenated over 
copper chromite. From the alcohol, isoamy! bromide was recovered in 70% yield based 
on the isovalerate used. This was converted, via nitrile, to isocaproate in 60% yield. 


Sodium isobutyrate-3-C'*. I. Gray, B. Neivelt, Univ. of California Radiation Lab. 


Isopropyl bromide-1-C'* was converted to the Grignard reagent and carbonated in 
48% yield based on the halide. 


Sodium propionate-2-C'*, P. Adams, B. M. Tolbert, Univ. of California Radiation Lab. 


By carbonation of the labeled Grignard this compound was prepared in 65% yield 
based on the bromide. 


*Succinic acid-1-C'*, M. B. Allen, S. Ruben, J. Am. Chem. Soc. 64, 948 (1942) 
*Succinic acid-1,4-C'*. M.B. Allen, S. Ruben, J. Am. Chem. Soc. 64, 949 (1942) 
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Succinic acid-1,4-C.'*. Y.J. Topper, J. Biol. Chem. 177, 303 (1949 
Dilithium acetylide was reacted with C'*O2 to yield acetylenedicarboxylic acid-1,4- 
‘*- The controlled catalytic reduction of the latter compound over a Pt-charcoal 
italyst at atmospheric pressure gave quantitative vields of succinic acid. Over-all 
eld from BaCOs; was 11%. 


Succinic acid-2,3-C2'*; succinic anhydride-2,3-C:'*. KR. F. Nystrom, Y. H. Loo, K. M 
Mann, J. R. Allen, Univ. of Illinois 

Ethylene-1,2-C.2'‘ was reacted with purified bromine to yield the dibromide which was 

ibsequently distilled into a reaction flask. An aqueous sclution of potassium cyanide 
was added to a mixture of ethanol and ethylene-1,2-C2'* and the whole refluxed for 24 

urs. Potassium hydroxide pellets were added and refluxing continued. 

Continuous ether extraction for 24 hours to remove impurities was followed by acid- 
fication with H2SO,; the resulting acid solution was then ether extracted for 48 hours. 

The succinic acid-2,3-C2'* was recovered from the solvent and converted to the anhy- 
iride by refluxing with acetyl chloride. A 75% yield of the anhydride was obtained 
It was demonstrated that no activity existed in the carboxyl groups 


Tartaric acid-2-C'*. KE. Jorgensen, M. Calvin, Univ. of California Radiation Lab. 

By oxidation in the presence of osmium tetraoxide, fumaric acid-2-C'* was converted 
to tartaric acid in 98% yield on a 2.5 millimole scale. 
Tridecanoic acid-1-C''. E. Hines, A. Gemant, Science 110, 19 (1949) 

This material was prepared from lauryl bromide by a Grignard carbonation. 
reaction was carried out rapidly with excess laurylmagnesium bromide. 


*Tripalmitin-C'*. W.G. Dauben, J. Am. Chem. Soc. 70, 1376 (1948) 





3. AMINO ACIDS 





Although a large number of labeled Modifications of older syntheses have 
imino acids have been prepared, there been made to improve yields and to 
s still extensive work being done in this resolve d and | forms of these com- 
field. At the present time, the more pounds. A very promising synthesis of 
omplex amino acids such as histidine, glutamic acid-1,2-C,"‘ is reported. Sev- 
labeled in the imidazole ring, and tryp- eral syntheses are reported for phenyl- 
tophan are being synthesized. Theuse alanine labeled in various positions. 


7 arete Wr. aceatice—* ‘14 = 
of acetaminocyanoacetic-2-( ester NOTE: Asterisk (#) before the compound denotes ref- 
. 7 ee * ott . a erence appeared in “Isotopic Carbon,”’ and a page number 
should find wide applic ation in this field. in the book is given for references unavailable elsewhere. 


«-Amino acids, labeled in the 2 position. J.C. Reid, B. M. Tolbert, Univ. of California 
Radiation Lab., AECU-437 (Aug. 1949) 

A review of published work to April, 1948; 43 references including stable isotopes. 
*a-Aminoadipic acid (Carboxyl C'*). H. Borsook, et al., J. Biol. Chem., 173, 42: 
1948); thid. 176, 1383 (1948) 

*d,l-Alanine-1-C'* S. Gurin, D. W. Wilson, Federation Proc. 1, 114 (1942); also R. 
Loftfield, NucLgeontcs 1, No. 3, 54 (1947) 
Alanine-2-C'*, H.S. Anker, J. Biol. Chem. 176, 1333, (1948) 

Pyruvie acid-2-C'* was precipitated as the phenylhydrazone, and the latter was 
hydrogenated in a water suspension with Adams’ platinum catalyst at atmospheric 
pressure. Hydrogenation was stopped after a little more than two moles of hydrogen 
had been utilized. The yield of alanine-2-C'* was nearly quantitative. 

Aspartic acid-3-C'*. S. Weinhouse, Temple Univ.; D. Wilson, Univ. of Pennsylvania 

Aspartic acid was synthesized by condensing equimolar amounts of acetylamino- 
malonie ester and ethyl bromoacetate-2-C'* in absolute alcohol in the presence of an 
equimolar quantity of sodium ethylate as catalyst. Alcohol was removed in vacuo. 
The addition product was hydrolyzed with HBr and the removal of the latter was 
accomplished by evaporation of the solution in vacuo, by neutralization of the residual 
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HBr with NH,OH, and by subsequent extraction of the NH.«Br with methanol. 
methanol insoluble residue, after recrystallization from water, yielded pure aspa 
acid-3-C'* to give an over-all yield of about 30%. 


*d,l-Dihydroxyphenylalanine-C'*. J.C. Reid, unpublished work (page 225) 


d,l-Glutamic acid-1,2-C.'*; a-ketoglutaric acid-1,2-C2'*. R. J. Speer, D. R. Carmo 
M. L. Humphries, A. Roberts, Texas Research Foundation 

Methy! oxalate-1,2-C»'* was added to an ether solution containing potassium ethy] 
Diethyl succinate was then added and the mixture stirred and warmed to aid ¢ 
condensation. After the yellow potassium salt separated out, an HCl solution of t! 
material was ether-extracted and the ether phase dried and concentrated. 

The residual oil was allowed to stand with concentrated HCI and the excess HC] w 
later distilled off with water. The crystalline a-ketoglutaric acid-1,2-C2'4 was obtain: 
in 60-70% yield based on the methy! oxalate. 

The aminative reduction of a-ketoglutaric acid to glutamic acid was accomplish: 
using palladium-charcoal catalyst at about 2 atmospheres hydrogen pressure over : 
aqueous solution containing NH,OH. 

The hydrogenation continued for about six hours and the filtrate was concentrate 
refluxed with HCl and, after neutralization, ethanol was added to give a 90% solutio 
Glutamie acid-1,2-C:'* was obtained in 64% yield in this step. 

This method is the same, in most respects, as that reported in the next item. 


d,l-Glutamic acid-1,2-C.''; a-ketoglutaric acid-1,2-C.'". KF. Kégl, J. Halberstadt, 1 
J. Barendregt, Rec. trav. chim. 67, 387, (1949) 

The condensation of diethyl! oxalate-1,2-C2' and diethyl succinate yielded a-keto 
glutaric acid-1,2,-C2'4 which then was subjected to aminative reduction over Pd-charcoa 
catalyst. Over-all yield from barium carbonate was 73%. Oxalie acid-1,2-Ce!* was 
formed from sodium formate-C'* by heating at 440° C. 


*Glycine-1 or -2-C'*. R. Ostwald, J. Biol. Chem. 173, 207 (1948); also R. B. Loftfield, 
Nucweonics 1, No. 3, 54 (1947) 


1-Histidine |2-(4-imidazolyl-2-C'*)-alanine]. H. Borsook, C. L. Deasy, A. J. Haagen- 
Smit, G. Keighley, P. H. Lowy, California Inst. of Technology Dept. of Biochemistry 
The reaction of NaC!4NS with |-keto-ornithine (a, 6-diaminoketovaleric acid) fur- 
nished I|-thiolhistidine which was then oxidized to I|-histidine by standard methods (i.e 
ferric sulfate). The I-histidine was isolated asthe diflavianate. Thiocyanate-C' was 
formed quantitatively by refluxing NaC'*%N with 1.1 equivalent of sulfur in acetone. 


Leucine-1-C'*, E. C. Kooyman, N. Bulman, D. H. Campbell, California Inst. of 
Technology Dept. of Chem.;t N. Cheronis, E. Spitzmueller, J. Org. Chem. 6, 467 (1941) 

The carbonation of isoamylmagnesium bromide to yield 0.1 mole of isocaproic acid 
was complete in 5 minutes. Catalytic amount of red phosphorus was added to crude 
isocaproic acid and then dry bromine was added. 

The ammonolysis of a-bromocaproic acid-1-C' with dry ammonia at room tempera- 
ture required 48 hours; 25 ml of ammonia was condensed at —80° C in Pyrex tube and 
then allowed to warm to room temperature. The last step was essentially quantitative 
(Cheronis, Spitzmuellert). The over-all yield from BaCOs was 30%. 
d,l-Leucine-1-C'*. H. Borsook, A. J. Haagen-Smit, et al; Calif. Inst. of Tech. 

The Strecker synthesis with HC!*N and isovaleraldehyde yielded d,l-leucine-1-( 
which was isolated as the carbobenzoxy derivative and resolved with papain and aniline 
Isovaleraldehyde was obtained free from isomers by oxidation of pure leucine. The 
over-all yield of l-leucine was 28% (based on KC!*N). 

Leucine-1-C'*, H. Hauptmann, Univ. of California Radiation Lab. 

Isocaproic acid-1-C!* was brominated and aminated by means of liquid ammonia. 
Yield was 43%. 

Leucine-2-C'*. H. Hauptmann, B. Adams, B. M. Tolbert, Univ. of California 

Isocaproic acid-2-C' was brominated and aminated by means of liquid ammonia 
Yield was 15% based on C'O> used to begin the synthesis. 

Leucine-3-C*4 and -4-C'*, M. J. Coon, 8S. Gurin, J. Biol. Chem. 180, 1159 (1949) 

Leucine-3-C'*: Isobutyric acid-1-C'* was prepared by the Grignard reaction on iso- 
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pyl bromide. Lithium aluminum hydride reduction afforded the isobuty] alcohol- 
-C'4 from which the bromide was prepared. This compound was condensed with 
‘tylaminomalonie ester and hydrolyzed. Yield of 42% from isobutyl bromide. 
Leucine-4-C '*: Acetic acid-1-C'*4 was converted to acetone-2-C "4 by heating the calcium 
iit at 450° C. Nitrogen swept the acetone out of the hot zone. Hydrogenation over 
ney nickel catalyst produced isopropyl alcohol from which isopropyl bromide was 
btained in 50% yield (based on acetic acid). A Grignard carbonation gave isobutyric 
d-2-C'* from which leucine-4-C'4 was readily prepared. 


|-Lysine-1-C'*. H. Borsook, et al., California Inst. of Technology Dept. of Biochem- 
ry (in press); Gaundry, tCan. J. Research B26, 387 (1948) 
Gaundry’s methodt was adapted to small scale work for the synthesis. Dihydropyran 
1 0.2N HCl were refluxed for 15-20 minutes and after cooling and neutralization 
NaoS.O; was added with stirring. This mixture was reacted with NaC'!*N, and d,]l- 
sine-1-C'4 dipicrate was then obtained via hydroxy and bromobutylhydantoin. The 
eld of monopicrate was 10-15°% based on the cyanide. 


dl-Lysine-2-C''. M. Fields, S. Rothchild, J. Gibbs, D. Walz, Tracerlab, Inc. 

['wo routes were studied for the preparation of this compound: 

a) Ethyl acetaminocyanoacetate-2-C', as its sodium salt in absolute ethanol, 

ndenses readily with N-(,-iodobutyl)-phthalimide according to a modified Sorensen 
rocedure. The resulting ethyl-2-cyano-2-acetamino-6-phthalimido-hexanoate-2-C'™ 
vas obtained in 80% yield. The use of bromobutyl-phthalimide gave yields about 

10% lower After hydrolysis of this intermediate in boiling HCI, lysine was isolated 
is its monochloride in an over-all yield of about 70%. 

h) Through the use of the Schmidt reaction, the addition of a small excess of hy- 
lrazoie acid in chloroform to a choloroform solution of 1,1,5-tricarboxypentane and 
100 % HeSO, at 60° C resulted in the formation of lysine-2-C'*. The dipicrate deriva- 

ve was isolated in 45 % vield. The yield showed marked temperature dependence de- 


reasing both above and below 6vu° C. 


*|-Methionine(-methyl-C'*), D. Melville, J. R. Rachele, E. Keller, J. Biol. Chem. 169, 
419-426 (1947) 


dl-Phenyl-1-C'‘-alanine. A. B. Lerner, J. Biol. Chem. 181, 281 (1949) 

Benzene-1-C'* was converted to benzaldehyde in 40% yield by a Reformatsky reac- 
on. Benzaldehyde-1-C'*, hippuric acid, and freshly fused sodium acetate were added, 
long with acetic anhydride, to anhydrous benzene. This mixture was refluxed for six 
urs and the azlactone of a-benzoylaminocinnamic acid, which crystallized on cooling, 
was filtered and washed. The yield in this step was 60-70%. 

The azlactone was treated with red phosphorus and hydriodic acid in the usual manner 
to give d,l-phenyl-1-C'*-alanine in an over-all yield of 11%. Resolution was accom- 
plished by separating the brucine salts of the formyl derivative. 


S. Gurin, A. Delluva, J. Biol. Chem. 170, 545 (1947) 


a 


*Phenylalanine (carboxyl; a-C'*), 


Phenylalanine-1,2-C.'*. B. Schepartz, S. Gurin, J. Biol. Chem. 180, 663 (1949) 

Barium carbonate was converted to acetylene, thence to acetaldehyde and on to sodium 
icetate-1,2-C2z'4, 

From ethyl bromoacetate-1,2-C2', glycine was then prepared and benzoylated with- 
ut isolation to give a 56% yield of hippuric acid. The standard azlactone procedure 
gave phenylalanine-1,2-C2" in 50% yield. 
d,l-Phenylalanine-2-C'*, J.C. Reid, Univ. of California, AECU 216 (March 1949) 

Various possible synthetic routes are discussed. The best procedure found was: 

Carboxy-C'*-benzene was reduced to phenyl carbinol-C™ with lithium aluminum 
hydride and, after chlorination with thionyl chloride, was condensed with acetylamino- 

alonie ester in anhydrous ethanol and sodium ethoxide. After heating in steam for 
2'5 hours, the crude condensation product was isolated, hydrolyzed and decarboxylated 

give a yield of 55% purified phenylalanine-2-C'*, The over-all yield, based on 
benzoic acid, was 40%. 
d,l-Phenylalanine-2-C'*. M. Fields, S. Rothchild, J. Gibbs, D. Walz, Tracerlab, Inc. 
Sodium acetate-2-C'* was converted to ethyl isonitrosocyanoacetate and reduced to 
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the 2-acetamino compound. The sodio derivative of this compound was condensed 
with benzyl chloride to yield ethyl-2-acetamino-2-cyano-3-phenyl propionate-2-('\ 
Upon refluxing in HC! for 15 hours, the latter compound afforded phenylalanine-2 

in 80-85% yield. 

Phenylalanine-1,2-C2'*. S. Gurin, A. M. Delluva, J. Biol. Chem. 170, 545 (1947) 

Acetaldehyde-1,2-C2!* was synthesized from acetylene and then oxidized to acet 
acid with silver oxide. Over-all yield (based on C'4Oe) was 40%. 

The route continued through ethy! bromoacetate and on to glycine-1,2-C2!*, Glycine 
was then benzoylated to give a 56% yield of hippuric acid. The standard azlactone 
procedure gave a 50% yield of phenylalanine from hippuric acid. 
3-Phenyl-1,3,5-C;'‘-alanine. S. Gurin, A. M. Delluva, J. Biol. Chem. 170, 545 (1947 

Pyruvie acid-2-C™ in 50°% NaOH undergoes cyclization to methyldihydrotrimesi: 
acid which was converted to uvitic acid by concentrated H2SO,. Fusion with soda lim: 
gave methylbenzene-1,3,5-C;'4 in good yield (35% from pyruvie acid). 

Phenyl-1,3,5-C;'*-methy! bromide, which was subsequently formed, was reacted wit! 
acetaminomalonic ester and decarboxylated to ultimately yield phenylalanine. 


Serine-3-C'*. H. Tarver, Univ. of California Medical School 


Formaldehyde-C'* was condensed directly with acetamidomalonate in the presency 
of atrace of Ba(OH):2. The use of Ba(OH): in place of NaOH proved very satisfactory 
1-Serine-3-C'*, H. Arnstein, Nature 164, 361 (1949) : 

A condensation of formaldehyde-C'* with ethyl p-nitrobenzamidomalonate in 50 
aqueous pyridine was carried out at room temperature in 94% yield. The half ester 
was then formed and decarboxylated and later resolved with quinine and brucine salts 
Formaldehyde was derived from methanol-C' by catalytic air oxidation at 350—400° C 
d,l-Tryptophan-2-C'*, M. Fields, et al., Tracerlab, Inc., Boston, Mass. 

A condensation of ethyl acetamino-cyanoacetate-2-C' and gramine yielded ethy|-2- 
acetamino-2-cyano-3-(3-indolyl)-propionate-2-C'4, The latter compound was refluxed 
in NaOH solution for 5 hours. After acidification in acetic acid and standing at 0° C for 
12 hours, trytophan-2-C'* was obtained in 69% yield in this step. 

Tryptophan-3-C'*, C. Heidelberger, J. Biol. Chem. 179, 139 (1949) 

Gramine(3-indolyl-methy!-C'!+dimethylamine) was reacted at room temperature wit! 
sodium in dry ethanol, ethyl acetamidomalonate and dimethyl sulfate. The resultant 
ester (82% vield) was hydrolyzed, yielding the substituted malonic acid. At 140° C 
smooth decarboxylation occurred and acetyl tryptophan was purified in 92% yield 
After hydrolysis, the tryptophan-3-C'* was recrystallized from acetic acid and benzene 
Over-all yield was 19% (based on C!4O:). 

Tryptophan({3-indolyl-3-C'‘-alanine]. CC. Heidelberger, J. Biol. Chem. 179, 139 (1949 

This ring-labeled compound was synthesized from carboxy-C' benzene in 20% yield 
Ethy! benzoate was hydrogenated to toluene over copper chromite catalyst. Ortho and 
para-nitrotoluene were hydrogenated over nickel at 250° C to yield the amines. The 
crude amines vielded formylaminotoluenes after refluxing with formic acid. The ortho 
compound yielded indole in 85% yield upon treatment with potassium tert-butoxide fol- 
lowed by hydrolysis. 

Indole-3-C'* was converted to tryptophan with non-isotopic formaldehyde, by the 
same series of reactions used for tryptophan-3-C' and in substantially the same yield. 


*d,l-Tryptophan-3-C'*. CC. Heidelberger, J. Biol. Chem. 175, 471 (1948) 
*d,l-Tyrosine-$-C'*. J.C. Reid, H. B. Jones, J. Biol. Chem. 174, 427 (1948) 


Tyrosine{[p-hydroxyphenyl! alanine-1-C'‘]. R. Loftfield, J. Am. Chem. Soc. 72, 2499 
(1950) 

Anisaldehyde and ethyl chloroacetate, in the presence of sodium in ethanol and 
methanol, reacted to give the mixed ester. Hydrolysis in a solution of NaOH in metha- 
nol and ether gave p-methoxypheny! glycidate. Although weak acids gave the desired 
aldehyde, some resin formation occurred. Hence, the decomposition was accomplished 
by hot aqueous sodium bisulfite and gave the aldehyde-NaHSO; in 56% over-all yield. 
The Bucherer hydantoin synthesis, followed by HCl hydrolysis at 140-160° C, gave 
p-hydroxyphenyl alanine-1-C"'* in good yield 
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Measuring Solid Samples of Low-Energy 
Beta Emitters 


In measuring the activity of low-energy beta emitters, the 
effect of self-absorption must be considered. This article 
describes four methods of measurement and three methods for 
correcting samples of varying surface densities, as well 
as a number of useful procedures for preparing samples 


By GEORGE K. SCHWEITZER and BERNARD R. STEIN 


Department of Chemistry, University of Tennessee 
Knorville ° Te nnessee 


IN MEASURING beta-emitting solids of 
iny appreciable thickness, a knowledge 
‘ their self-absorption characteristics 
s essential. This phenomenon dimin- 
ishes the true activity by an amount 
lependent on sample thickness and is 
specific for the sample involved. It is 
possible to adjust for the effect by use 
of certain comparative measurements, 
but these involve inherent inaccuracies, 
is will be shown. It is, therefore, best 
to derive a quantitative relation for 
self-absorption and apply it to observed 
activity measurements in any of the 
several possible methods outlined. 


General Considerations 

When a plot of the activities of 
several solid samples of a low-energy 
beta emitter having varying thicknesses 
and a constant specific activity is made 
igainst the thicknesses, a curve similar 
o that in Fig. 1 is obtained. The 
ictivity is usually expressed as counts 
per minute, and the thickness is given 
n terms of surface density; i.e., milli- 
grams per square centimeter. Such a 
urve of measured activities, A,,, gener- 
illy attains a maximum activity A; at a 
surface density corresponding to slightly 
less than the range of the beta particle 
nvolved. This maximum activity is 
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usually termed the infinite thickness 
activity. The upper part of the ob- 
served curve is explained by the fact 
that upper layers of the sample absorb 
and scatter appreciable amounts of the 
activity originating in lower lavers 
(1, 2, 3, 4). This phenomenon is 
known as_ self-absorption. The true 
activity At, that is, the activity that a 
given sample would exhibit if there 
were no self-absorption, is shown by the 
dotted line. Numerous authors have 
reported these effects (1-12, 14-30). 
When activity measurements are ex- 
tended to samples having surface 
densities below the order of 5% of the 
range of their beta particles, deviations 
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Surface Density 
1. Observed curve of activities 
versus surface densities for solid samples 
of low-energy beta emitters 
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as indicated on the lower part of the 
curve in Fig. 1 are observed. These 
have been attributed to a phenomenon 
termed self-scattering (2, 12). It ap- 
pears that samples of such low surface 
density exert a focusing effect on the 
beta particles and thus scatter particles 
up and down at the expense of those that 
emerge in a horizontal direction, increas- 
ing the expected counting rate. 


Methods of Measurement 

Four procedures have been employed 
to either eliminate or correct for the 
self-absorption loss of activity incurred 
in using low-energy beta emitters 
(2, 2: 2) 

1. Samples may be mounted in such 
thin layers that the small self-absorp- 
tion loss can be neglected in comparison 
with the other experimental errors. 
This method has the disadvantages of 
self-scattering complications, prepara- 
tion of homogeneous samples, and diffi- 
culty of duplication. 

2. Samples of constant thickness may 
be prepared. In such a method, the 
observed activity is proportional to the 
specific activity. Such preparations 
are difficult to duplicate, and no actual 
value of specific activity is obtained. 

3. Samples may be mounted in 
infinitely thick layers. Again, the 
measured activity is proportional to the 
specific activity. This procedure is 
limited to situations in which relatively 
large amounts of sample material are 
available. 

4. If the relations between observed 
activities of varying thicknesses of 
sample and the specific activity of the 
material are known, a general method 
is available for samples of almost all 
thicknesses. This method places no 
limits upon the amount of sample mate- 
rial needed, unless the amount is so 
small as to produce considerable self- 
scattering. Three general methods are 
available for establishing these rela- 
tions. Each will be discussed later. 
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Listed in Table 1 are a number of |. 
energy beta emitters which worid 
probably require self-absorption corr: e- 
tions (1, 4). 


Self-Absorption Relations 

The absorption of beta rays in «) 

inert absorber is approximately ¢x- 

ponential and can be represented by t}), 
equation 

_ bre 

Az=Ane *® 

in which Aw» is the activity observed 

without an absorber, Aq is the activity 

observed through an absorber of sur- 

face density za, and R/b is the absorp- 

tion coefficient. In this representation 

of the absorption coefficient, b is con- 

stant and R is the maximum range of 





TABLE 1 
Low-Energy Beta-Emitting Nuclides 


Mazim um 


Nuclide Half-life energy (Me 
ci" 5100y 0.154 
§% 87.1d 0.169 
Ca‘*® 180d 0.250 
Co*® 5.3y 0.310* 
Ni®3 300y 0.050 
Nb* 35d 0.154* 
Tc”? 1 X 10%y 0.320 
Ru!% 1.0y 0.030 
Csi 2.1 X 10ty 0.210 
Ce!4#4 275d 0.348 
Pm!47 3.7y 0.223 
Sm}?5! 20y 0.060 
Eu 2y 0.230* 
Er'!69 9.4d 0.330 
Tm?! 2y 0.100 
Re!8? 4 X 10!y 0.043 
Hg? 43.5d 0.205* 
Th?! 25.5d 0.210* 
Pa?33 27.4d 0.230* 
U337 6.8d 0. 230* 


* These betas are accompanied by electro- 
magnetic radiation. 
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beta particles as calculated from This relation then applies approxi- 
Libby’s formula for low-energy beta mately to the self-absorption curve as 
irticles illustrated in Fig. 1. 


E% (kev Broda (4) has suggested an approxi- 
R(mg/cem?) = ee (2) ; 


150 mate formula taking the form 
Here, EF (13) is the maximum energy of Am =, 
beta rays expressed in thousands of Teli (8) 
ectron volts. Expanding Eq. 8 into the series form, 
Considering an infinitesimal layer one obtains 
th true activity dA; at a surface den- A,» zs, # x 
y x below the surface of the absorbing = Ag “n+ a 2a? 6a 
iterial, one may write ' -. (9) 
dA, = addr (3 24a‘ ’ 
here a is the activity per milligram — and similarly for Eq. 7 
square centimeter. 7 s wre he , bea? _ bart 
dAn = dA R ia ” al ane 
= ae oe 5 dr 4 > wed oil _ - 
It can be observed that 
Integration of Eq. 4 yields a = 2R/b (11) 
z mm... . 2 =_— 2 
A. = i ae "dz so that Eq. 8 takes the approximate 
par form 
t - = 6 x 
SS. Ue Am/Ar =e 2R (12) 
Integration of Eq. 3 gives This expression works quite well for 
= e allen ac g) low surface density samples, but as z 


becomes greater, deviations are more 
nd division of Eq. 5 by Eq. 6 produces pronounced. Broda suggests using a 





_ bz value of a equal to 2.2R/b, instead of 
An 1l1-—e R the above. This makes the results less 
a ba (7) satisfactory for thin layers, but gives 
R fairly good agreement over the whole 

TABLE 2 


Equational Correction Methods Applied to Barium Sulfate (Sulfur-35) Samples * 


8: (cpm/mg) Calculated From Eqs. 
z(mg/cm?*) Am (epm) 6 (from Eg. 14)  7,15,16 12,15,16 13,15,16 
4 1950 8.30 375 385 370 
6 2400 8.13 368 398 375 
8 2675 8.03 364 418 388 
10 2850 7.80 365 432 412 
12 3000 8.30 368 496 436 
avg. 8.10 





~ *R = 35.3 mg/cm? from Eq. 2 
Ai = 3200/epm 
S = 2.0 cm* 
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Surface Density 
Plot of the logarithm of the 


FIG. 2. 
activity per milligram per square centi- 
meter versus the surface density 


range of surface densities. This some- 
what revised formula reads 
7 br 

2.2R (13) 


Am At =e 


Correction Methods 
Equational. The 
the measured and maximum activities 
as observed in Fig. | is given by 
br 
A,n/Ai =l—e R (14) 


From such a curve the constant b for 


relation between 


a given sample material may be evalu- 
ated by substituting values of Am, Aj, 2, 
and R into this relation. An average 
value of b taken. Using it, 
one can calculate A; for a sample of a 
given surface density from Eq. 7, 12, 
or 13. From this value of Az, a; may 
be obtained by use of the relation 


is then 


(15) 
and the specific activity per milligram, 
st, may be obtained from 


a= At ‘x 


8 = a S (16) 
where S is the surface area of the sample 
in square centimeters. Results ob- 


tained on barium sulfate samples con- 
taining S** are compared in Table 2. 
As one would predict, Eq. 7 gives the 
most consistent results. 

Graphical. If the logarithm of the 
activity per milligram per square centi- 
meter a,, obtained from 


(17) 


Qa = An/F 
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TABLE 3 
Comparison of Equational and Graphic;| 
Methods 


Com- 
pound Nuclide 


Equation Graph 
cpm/mg cpm/mg k:. 


BaSO. S% 368 370 1 
SrSO, $3 341 325 / 
PbSO, S$» 177 172 
BzSO,* S*% 265 275 1 
BaCO; C'# 305 325 1 
BaCO; C! 62 60 1s 


* Benzidine sulfate 





is plotted against the surface densit\ 

a curve similar to the one shown in Fig 
2 is obtained (15). This is almost « 
straight line, except that some devi:- 
tions from linearity may be observed at 
very low surface densities as a result o! 
self-scattering. An extrapolation oi 
such a line to zero surface density can 
be made. The value so obtained wil! 
be the true activity per milligram pet 
square centimeter, a:, from which the 
specific activity per milligram may be 
calculated from Eq. 16. Although this 
method seems easier than the 
tional ones, it should be noted that a 
sizable number of determinations on 
samples of low surface density is needed 
to produce an accurate plot for final 
extrapolation. The specific activities 
per milligram of several compounds, as 
determined from the equational and the 
graphical methods, have been com- 
These data are given in 


equa- 


pared (16). 
Table 3. 

Thus, it is observed that the methods 
agree quite well within experimental 
error. 

Extra Absorber Method. Aten (// 
has constructed a graph which can be 
used to determine the activity factor 
Am/At. It is claimed that this method 
can be used to surmount the difficulties 
arising from the use of different detec- 
tors and experimental counting arrange- 
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TABLE 4 
Comparison of Three Methods 


Extra 
mg/cm Equational absorber 


(cpm;mg/cm?) 


2 287 294 
4 316 270 
8 322 288 
11 319 311 
15 332 293 
25 298 288 
35 303 ots 
avg. a 311 291 


1 from the graphical method = 318 





ents. The plot used is reproduced in 
Fig. 3. In practice, one first measures 
the activity of a solid sample without 
in absorber A», and then A, by use of 
i thin aluminum absorber. This ab- 
sorbing foil should be of such surface 
lensity that the activity is reduced by 

factor of approximately two. The 
ratio A, A,» is calculated, read on the 
graph, and the corresponding value of 
bra/R found on the abscissa. This 
value is multiplied by the ratio of the 
surface density of the sample to the 
surface density of the absorber x/z, to 
obtain br / R. If br/R <5, it is located 
on the horizontal axis and the cor- 
responding value of A,,/A¢ is read from 
the upper curve. If bxr/R >5, the 
In this 
case, the factor A,,/A: is equal to the 


upper curve cannot be used. 


following: 

Am/At = R/bz (18) 
which is recognized as the limiting value 
of Eq. 7 as x approaches infinity. Thus 
R/br or Am/ At for such a sample may 
be obtained by dividing za/xr by the 
value bzr,/R. 

Comparison. A comparison of re- 
sults using equational, graphical, and 
extra absorber methods in determining 
the activity per unit thickness of cal- 
cium sulfate containing calcium-45 has 
been made (20). The results are re- 
produced in Table 4. From these, one 
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FIG. 3. Aten’s activity factor graph 


can observe that the graphical and 
equational methods are in good agree- 
ment while the extra absorber method 
shows a marked variation. Perhaps 
this is explained by the assumption 
made in this method that the absorp- 
tion in aluminum is quite similar to 
absorption in the sample material. 
However, this one example cannot be 
said to constitute an absolute compari- 
son of the methods for all instances. 


Values of the Constant 

A number of authors have published 
sufficient data to allow calculations of 
the constant b to be compared. Some 
of these values are summarized in 
Table 5. 

It is apparent that a large number of 
factors is operating to produce an ob- 
served value of b. These include rela- 
tive position of the sample to the 
detector, type and characteristics of the 
detector, packing of the sample, prep- 
aration of the sample, the nuclide in- 
volved, and perhaps others. Hence, it 
is advisable for each investigator to 
characterize and use his own corrections. 


Preparation of Solid Samples 
Solid sample preparation may be 
divided into two general groups: those 
preparations involving the evaporation 
of solutions, and those preparations for 
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which the starting point is a slurry of 
insoluble material (1, 17, 18, 24, 30). 
Since low-energy beta emitters are 


appreciably absorbed in thin layers of 
solid material, it is necessary that the 
sample be as uniform in thickness as 
possible, in order for self-absorption 
over the whole sample area to be nearly 
the same. This condition imposes re- 
strictions upon the number of suitable 
preparation methods. 

For direct evaporation of a solution 
on a flat disk of glass or metal, solvents 
should be used in which the solute has 
a very high solubility. With a low 
solubility, a small deposit of solid may 
be formed while the remainder is still in 
solution. The deposit will then grow 
from this original solid and there will 
be a rapid and uneven migration of 
precipitated particles to the region 
where agglomeration is occurring. 
With proper solvents, crystallization 
takes place slowly over the entire area. 
In using samples which will produce a 
deposit of from one to four milligrams 
per square centimeter, the best results 
may be obtained by manual agitation of 
the depositing substance. The solu- 
tion may be confined in a properly 
stamped circular groove. 

The use of auxiliary porous media to 
effect even distribution of a solution has 
been employed (1). Samples are pre- 
pared in circular cupped dishes of glass 
or metal 2 to 3mm deep. From 0.1 to 
0.2 ml of the solution is placed in the 
center of the dish, and the drop formed 
is covered gently with a disk of lens 
tissue or filter paper which is slightly 
smaller than the bottom of the dish. 
The liquid wets the paper rapidly and 
spreads out quite uniformly. It has 
been noted that aqueous acidic solu- 
tions do not spread well, but addition of 
a drop of acetone or ethanol has been 
found to aid the process. The con- 
tents of the dish may be dried in a 
dessicator or oven at 105° C. When 


the amount or nature of the dissolved 
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TABLE 5 
Values of the Constant b 


Substance Nuclide Observedb Ref 


BaCO; ci 3.4 21 
5.2 21 
5.4 19 
7.0 22 
7.6 18 
7.9 23 
7.9 24 
8.0 25 
8.0 14 
8.9 26 
BaSO, $35 6.8 27 
8.0 14 
8.1 16 
8.8 28 
BzSO.« §35 8.6 , 
8.8 16 
10.0 29 
PbSO, $35 4.7 16 
SrSO,4 §% 5.3 16 
CaSO« Cas 8.5 19 





substance is such that the paper tends 
to curl off the bottom, a few drops of 
dilute sugar solution serve to weight 
the paper. 

A typical mounting assembly for 
evaporation of a solution or liquid from 
a slurry is illustrated in Fig. 4a (18 
The disk and concentric sleeve form a 
cup into which the solution or slurry 
can be poured. Evaporation is usually 
brought about under a heat lamp. The 
apparatus may then be dissembled and 
the disk carrying the tablet of solid 
removed. 

Several filtration techniques have 
been used to prepare uniform deposits 
of insoluble substances (1, 3, 17, 29, 30). 
One method involves the use of a 
Buchner-type apparatus as illustrated 
in Fig. 4b. The brass funnel is placed 
on the ground rim of a glass funnel of 
the same outer diameter, which is con- 
nected to a suction flask. A circle of 
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ivy qualitative filter paper, known as 
base filter, is cut to fit the funnel 
| placed inside. This base filter 
rves to prevent gross deformation of 
sample near the holes drilled in the 
ttom of the brass funnel. A sheet 
high wet-strength filter paper is 
ressed into the funnel with a cylinder, 
d the paper projecting over the edge 
ut off. Strong suction is then 
plied and the papers are wet with 
iter. The top paper is pressed onto 
the bottom and wall of the funnel with 
flattened stirring rod. After air 
Irving, the edge of the paper is attached 
to the rim of the funnel with molten 
paraffin. The solution containing the 
precipitate is then added in small por- 
tions from either an aqueous or alcohol 
suspension, or from the original pre- 
cipitation solution. Gentle intermit- 
tent suction is applied until the paper 
is covered with a thin layer of precipi- 
tate, after which stronger suction may 
be used. The precipitate is washed 
with water or other suitable liquids, and 
dried to constant weight by drawing air 
through the filter. 

\{ second method involves a filter 
issembly similar to the one pictured in 
Fig. 4c. This consists of a Corning 
filter disk of coarse porosity and a 
sleeve that can be held down upon it 
with springs. A filter circle is placed 
over the filter disk and wet with water, 
suction is applied, and the glass sleeve 
is clamped on. A suspension of the 
solid material is washed into the sleeve, 
allowed to settle, and filtered rapidly. 
Suitable liquids are used for washing 
ind the solid is partially dried by suc- 
tion. Drying may be completed in a 
dessicator or in the air. The sleeve is 
removed, and the sample is mounted 
upon a metal disk. A retaining ring is 
placed over it as shown in the diagram. 

A third apparatus is shown in Fig. 4d. 
This arrangement is made entirely of 
stainless steel. Filter paper is placed 
over the bottom of the funnel and the 
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(b) Buchner-type filtration setup 





(c) Corning disk filtration setup 
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(d) Stainless steel filtration setup 








FIG. 4. 
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evlinder is then raised into the recess. 
This produces a snug fit which elimi- 
nates the need for clamping. Suction 
is applied and the slurry of insoluble 
material filtered through. The sample 
is then dried and mounted as in the 
previous procedure. 

Centrifuging a suspension in a flat- 
bottomed container can produce uni- 
form layers if the solid is finely divided. 


The cup used is similar to that in | 
fa, except that the sleeve is usu 
longer. After centrifuging, most 
the supernatent liquid can be remo) 
by decanting, and the remainder 
drying in an oven. 

Other methods of preparation us: 
are compacting of a dry powder inti 
shallow dish, and electrodeposition 
metals onto disks. 
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THE FEW YEARS after 1925, with the first development of wave mechanics, 
were happy days for the theoretical physicist. In practically any direction 
he turned, new applications were waiting to be worked out. New and in- 
teresting papers could be produced nearly every month. Meanwhile, the 
poor experimentalist was struggling to keep up with the conceptual changes 


in theory. 


Now the situation is reversed. New phenomena lie waiting accurate 
measurement. New radiations are begging to be investigated and every 
new particle which is discovered causes the poor theorist to pull out a few 
of his remaining hairs. Every new addition to his theory creates more 
infinities. It is an unhappy time for theory. We can only hope that 


another Newton will turn up soon. 


Philip M. Morse, American Scientist 38, 398 (1950) 
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COSTS OF RADIATION PROTECTION 


Of 230 pages in the Eighth Semiannual Report to Congress of the Atomic Energy 
Commission, 161 are devoted to a discussion of the control of radiation hazards- 
Included are reports on safety, handling, control of radiation, waste disposal, 


and instrumentation. 


Because of the wide interest in costs of radiation protec- 


tion, NUCLEONICS presents a summary of the section dealing with this subject 


PROVIDING adequate protection against 


diation hazards is a_ considerable 


tor in both capital investment and 
perating expenses of the atomic energy 
rogram 

Since radiation must be dealt with, 
laborate studies to determine how 
ich more cheaply the program could 
radiation would not 


yperate wit hout 


ield enough practical cost-control 
lata to justify the substantial expense 
of attempting them 

Some elements of ‘the costs due to 
radiation protection, however, are clear 
vithout Health 


physics for example, are 


extensive studies. 
expenses, 
neurred almost wholly in the interest 
health 
physics budgets in various installations 
run between three and four percent 


of radiological safety, and 


of operating budgets. Oak Ridge 
National Laboratory, a representative 
itomic energy center, is spending 


$407,000 a year on health physics 
service operations. For a laboratory 
staff of 2,000 persons, this works out 
to $204 per person per year—compared 
with $17 per worker for nonradiological 
safety service, $88 for fire protection, 
ind $60 for Oak 
Ridge estimates that it costs, on an 
iverage, $106 a year to equip a labora- 


medical service. 


tory worker with protective clothing 
and personal radiation meters. 


A SAMPLE CASE STUDY 
The foregoing figures represent only 
a small part of the costs involved in 


radiation protection. Other data are 
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the 
En- 


that roughly indicate 
the total 


gineers have made a 


available 
magnitude of costs 
number of cost 
AEC’s 


purposes 


estimates in connection with 


construction program. For 


of this report, they have (a) selected 
an estimate for one type of plant that 
quantities of highly 


prepared 


processes large 
radioactive material and (b 
a preliminary estimate for a substitute 
plant to perform the same _ processes 
kinds of 
material, but assuming that the mate- 
this 


on the same amount and 


rial would not be radioactive in 
second plant. 
In Tables 1 and 2 and the following 


discussion, Case I is a plant to operate 


with radioactive materials; Case II 
is the nonradioactive substitute. The 
difference between the Case I and 


Case II totals represents the full cost 
of radiation protection in the kind of 
The 
actual figures are not given here, but 
the ratios between estimates for the two 


operation covered by the study. 


types of plants have been maintained. 


Comparative Construction Costs 
Where a plant could be built for 
one million dollars to perform certain 
processes on nonradioactive material 
(Case II), the would go over 
12 million dollars to deal with the 
same amount of material identical in 


cost 


every respect except that it is radio- 
(Case I). Thus, the capital 
investment in the Case I plant is 
1,100 % greater than the investment in 
Case II. Table 1 gives the detailed dif- 
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TABLE 1 


Structure 

Process equipment, including installation 
Utilities (steam, water, electric, phone) 
Ventilation , 

Process material storage 

Waste disposal 


Railroads, roads, safety and security fences, ete. 


Site preparation 
All other 


Total capital investment 


Case 1 Cas 

$1,383,000 $27,000 

4,332,000 103, 
412,000 190.000 
264,000 3.000 
542,000 290,000 
745,000 46.000 
93,000 58,000 
380,000 30,000 
4,019,000 253.000 
$12,170,000 $1,000,000 





ferences in costs of plant construction. 

Structure. In Case I, the estimate 
assumes a massive concrete building 
with walls many feet thick and heavy 
interior enclosures for all process 
equipment. If radiation were not 
present, most of the plant could be 
built in the open air, with only a small 
part of it housed. The difference is 
reflected in the fact that the structure 
in Case I would cost 51 times as much 
as the structural work for Case IT. 

Process equipment and installation. 
In this element of cost, the Case I 
plant is 42 times as expensive as the 
Case II. The wide difference flows 
out of the fact that processes with 
intensely radioactive materials must 
be controlled from a distance and 
that, once the plant is started, there 
are areas that a maintenance crew 
could never enter safely. 

Such a plant requires special pumps 
and valves, special connectors for all 
utility lines, and special process equip- 
ment, all of it precisely made and 
custom designed to permit remote con- 
trol, repair, and maintenance. Com- 
plete reliability of operation, and 
longevity far beyond that required 
in other industries, are essential. 
Costly instruments are necessary to 
control operations and unique tools 
must be built to make repairs and 
replacements. Some facilities could 
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not be serviced without dismantli: 
the whole structure, with the result 
that multiple sets of such facilities 
are built in. 

Other capital cost disparities. Like 
process equipment, utility lines must 
be built into the plant structure 
Unusually heavy and trouble-free utility 
lines are required and, since remote 


parts of the system cannot be reached 
by repair crews, stand-by duplicate 
sets of facilities are included. 

Since the Case I plant would have 
to cope with radioactive dusts and 
vapors, it requires elaborate artificial 
ventilation, an unusually large flow 
of fresh air at all times plus thorough 
filtering of all ventilating air before 
it is discharged outdoors. In contrast, 
the Case IT plant, being almost entirely 
outdoors, would require only minor 
provision for artificial ventilation. This 
difference accounts for the fact that 
the ventilation system for Case | 
would cost 88 times as much as ventila- 
tion for Case IT. 

The cost of facilities for storing 
process materials is higher in Case | 
because, in addition to the normal 
process materials, large amounts of 
other materials are used in converting 
radioactive waste into nonhazardous 
or less hazardous forms. The dis- 
parity becomes even greater in the 
costs of facilities to handle wastes, for 
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radioactive plant requires expen- 
storage tanks and waste-processing 
lipment that Case II does not. In 
s respect the radioactive plant is 


times as costly. 


Comparative Operating Expenses 

It appears from this study that, 
yunting all operating expenses, it 
s 177% more costly to perform certain 
routine processing operations with 
idioactive material than with non- 
Or, by a differ- 
nt ealeulation applied to the final 


radioactive material. 


figures in the following table of com- 
parative operating expenses, 64% of 
the total cost of operations in the radio- 
ictive plant—nearly two-thirds—is in- 

irred solely because it is necessary 
to provide radiation protection. 

Table 2 gives the detailed differences 
in annual operating expenses. 

Disparities in direct operating costs. 
Only 3.7% of the total operating ex- 
penses is charged directly to radiation 
protection in Case I—that is, the health 
other 
ems, however, the radioactive plant 


ihysies account. In various 


incurs heavier expenses than the plant 
without this problem 

Treatment and safe handling of 
radioactive waste is much more costly 
than conventional industrial waste 
procedure. 

Remote control and maintenance 
would be unnecessary in Case IT, so 
that such a plant would require fewer 
operators and supervisors. With the 
radiation hazard, maintenance oper- 
ations require cumbersome procedures 
preceded by careful plans, tests, and 
dress rehearsals that often consume 
several times as much labor as the 


actual service job on the ‘hot”’ 
equipment. 
Higher cost of depreciation. As far 


as “out of pocket”’ expenses are con- 
cerned, the Case I plant is only 31% 
more costly than the Case II plant 
In operation, however, an original 
capital investment is progressively dis- 
sipated in wear and tear and obsoles- 
cence, so that no statement of oper- 
ating expenses is complete without a 
charge for depreciation. 

In this study the composite rate of 








TABLE 2 

Case I Case Il 
Direct labor $87,000 $69,000 
Process materials 158,000 129,000 
Supervision 26,000 24,000 
Maintenance labor 46,000 36,000 
Maintenance materials 19,000 9,000 
\nalytical control services 76,000 38,000 
Steam and water 116,000 116,000 
Electrical and instrument 34,000 27,000 
l'ransportation 21,000 20,000 
Process research and development 6,000 6,000 
Health physics service 77,000 0 
Laundry service 12,000 3,000 
Plant security 91,000 91,000 

Miscellaneous expense (fire protection, janitor service, office 
and shop supplies, etc.) 81,000 79,000 
Out of pocket’’ expenses 850,000 647,000 
Depreciation 1,217,000 100,000 
Total annual operating expenses $2,067,000 $747,000 
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depreciation is assumed to be 10% a 
year. 


ADDED COST OF RESEARCH 

In a research laboratory, the payroll 
is a more significant element than the 
investment in buildings and equipment 
in total costs, but in research, too, the 
costs of radiation make up a large frac- 
tion of total costs. 

Several 


staff members at 


Laboratory 


senior 
National 
made a collective judgment on how 


Argonne have 


much longer it takes to perform a 
representative research procedure in- 
side a “‘hot cave”’ than on radiologically 
“cold” 


radioactive 


materials. They estimate that 
work takes at five 
times as many man-hours as identical 


least 


operations on nonradioactive materials. 

The Argonne group also considered 
the situation when a number of samples 
are already laid out in the cave—after 
the ‘“‘dry run” and other preliminaries 
this 
ation, they estimate that the actual 
manipulations take at least three times 


have been completed. In situ- 


as long as ‘‘cold’”’ operations on non- 

radioactive material. 
Costs of “hot caves.” 

of efficiency in work behind shields 


This degree 


was achieved only through substantial 
investments to reduce the cumbersome- 
ness and awkwardness of remote-con- 
trolled research. The Argonne metal- 
lurgy cave and remote-controlled equip- 
ment represent an outlay of $40,000. 
The noncoloring glass window on the 
front of this cave, measuring 54 by 24 
inches and 3 feet thick, cost $8,000. 
Glass manufacturers currently charge 
$2 a pound for cerium-stabilized, non- 
coloring glass. 

A single right-and-left pair of all- 
mechanical master-slave manipulators 
of current design costs $10,000, but 
might be reduced to $5,000 a pair if 
three identical pairs were made at once. 

Here are some other sample costs of 
radiation protection: 


16 


The building and equipment us 


package and ship radioisotopes at () 
Ridge represent an investment of 2 4 
million dollars including the analyt. «| 
laboratory. 
ordinary drug-handling operation wi 


Comparable costs for 4; 


obviously be only a fraction as great 

As well as can be determined from 
available information, the cost per pic 
of laundering radioactive-contaminat od 
work clothing at Los Alamos is about 
half again as great as the cost of ori(i- 
nary laundering. 

Lead bricks cost, on the market, $4 
and $5 each. 

Chemox masks, which generate oxy- 
gen, worn where atmospheric contami- 
nation is unusually severe, cost $150 


each. Simpler respirators, cost $12 to 
$15 each. 
The laboratories use thousands of 


pairs of surgeons’ rubber gloves, at a 
cost of about $2.50 a pair. 

Most commercially made radiation 
detection instruments cost 
$200 and $350 each. Pocket 
two of them for each radiation worker, 
cost about $10 each. The heavy ma- 
chines that check hands and feet for 
contamination at laboratory exits cost 


between 
meters, 


$3,000. 
Containers for radioactive material 
weigh much more than the mate- 


rial, swelling transportation costs. A 
“cold” sample, for example, is mailed 
from Berkeley, California, to Oak 
Ridge for 3 to 25 cents. Upon irradi- 
ation in the Oak Ridge reactor, it gives 
off gamma rays and requires a lead- 
shielded container for the return trip to 
Berkeley. These containers weigh from 
20 to 240 pounds and the express 
charges run from $5 to $60, including 
final return of the container. 

At best, radiation protection promises 
to remain costly. With time 
advancing knowledge, today’s stand- 
ards on permissible exposures may be 
changed, and more effective and eco- 
nomical protective measures devised 


and 
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The Effects of Atomic Weapons (pre- 
ed for and in cooperation with the 
S. Department of Defense and the 
\tomie Energy Commission, under the 
the Almos Scientific 
boratory), 456 pages (1950); bound 
lition, MeGraw-Hill Book Co., Inc., 
New York, and Rinehart & Company, 


rection of Los 


New York, $3; paper edition, U. S. 
Govt. Printing Office, Washington 25, 
D. C., $1.25. Reviewed by Philip M. 


Vorse, professor of physics, Massachu- 


etts Institute of Technology. 


If this volume had been issued six 


onths after Operation Crossroads, 

ore people in this country would now 
he reacting to the problems of atomic 
their brains instead of 


eapons with 


heir adrenals. Though it is over- 
technical in spots and though there are 
too many turgid sections, the book is a 
ust for defense officials and for mili- 
tary strategists and tacticians, profes- 
sional and amateur. 
Here, 


issions of 


prepared by experts, are dis- 
the 
itomie bomb burst, based on the results 


various effects of an 


in Japan and in the Alamogordo and 
Bikini test There are chapters 
on shock and blast effects, incendiary 
ind radioactive effects from air, under- 
Here 


one can find the unhysterical figures on 


shots. 


vater and underground bursts. 
the radius of action of the bomb on 


buildings and shelters and_ people. 
Here one can read about the symptoms 
of radiation shock, the techniques of 
lecontamination, and the equipment 
for detection and measurement of harm- 
ful radiation. The effects are given for 
the “‘nominal’’ bomb, roughly equiva- 
lent to the one delivered to Hiroshima, 
the important cases scaling 


factors are given so that effects for 
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but in 


bombs n times as “strong’’ can be 
calculated. 
The struggles 


through the details or whether he skips 


reader, whether he 
over the dull stretches and concentrates 
on the pictures, graphs, and tables, will 
probably emerge with a mixture of 
emotional relief and intellectual stimul- 
ation. He will that the 
A-bomb (and, by inference, even the 
H-bomb) is 


have found 


pretty impressive as far 
as man-made destruction goes, but is no 
shakes natural 
phenomena we live through every year. 


great compared to 

He will read, for example, that the 
‘‘nominal”’ bomb releases energy equiva- 
lent to 20,000 tons of TNT, to the daily 
output of Hoover Dam, to the energy of 
sunlight falling daily on square 
miles of the the 
energy released in a rainstorm produc- 


two 
earth’s surface, to 
ing a quarter-inch precipitation over 
Washington, D. C., 
just barely damaging earthquake or to 


to the energy of a 


less than 1 % of the energy of a tornado. 

He would not learn how to make a 
bomb but he would have learned enough 
about its effects to play a useful part in 
that 
necessary before this country arrives 


multi-vocal discussion which is 
at a national atomic policy; he would be 
able to contribute his judgment as to 
how atomic bombs are to be used in our 
arsenal of weapons until the time when 
warfare as a whole is abolished. 

The publication of this volume now 
is at once a demonstration of the futility 
and danger of our emotional-political- 
bred secrecy policy and a cause for hope 
that we can eventually arrive at a ra- 
tional policy. Up to the time of its 
publication, less than one per cent of the 
commissioned officers in our armed serv- 
ices and less than one hundredth of one 
per cent of our adult citizens knew the 
facts contained in this book, though we 
can be quite sure that the Kremlin staff 
knew them for some time. 

If this country were Russia or Nazi 
Germany, this state of affairs would not 
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perhaps be disturbing, for the general 
public would have no say concerning 
policiesanyway. But the United States 
has always made up its collective mind, 
even about military strategy, after 
intensive and widespread discussion, 
and very few of us would have it dif- 
ferent from this. The very fact that 
the average officer, the average con- 
gressman, the average citizen, at the 
time of this writing, does not have the 
basic facts from which to work out an 
answer to the question, ‘‘Why don’t we 
use A-bombs now in Korea?” is an 
indication of the dangerous state we 
have gotten ourselves into, through fear 
and politics. 

One can hope that we will come to our 
senses soon, and that most of us will 
be allowed to know no less (and no more) 
about our atomic bombs than we know 
about our jet fighters, our aircraft 
carriers, our tanks and our other 
instruments of destruction, which we 
need now in this imperfect world. 


Introduction to the Luminescence of 
Solids, by Humboldt W. Leverenz, John 
Wiley & Sons, Inc., New York, 1950, 
569 + xvi pages + 1 chart, $12. Re- 
viewed by Robert Hofstadter, Palmer Phys- 
ical Laboratory, Princeton University. 


This book, one of the texts in Wiley’s 
Structure of Matter Series, represents 
a contribution to a field of study in need 
of systematization and clarification. 
Although the field of luminescence is an 
old one and has been associated with 
many important discoveries, for exam- 
ple radioactivity, its subject matter is 
not understood in detail at the present 
time. There is perhaps no single case 
of a solid or liquid luminescent material 
for which a substantiated quantitative 
theory exists. The author has very 
laudably attempted to provide some 
order in this chaos that is luminescence; 
it should be recognized that an under- 
taking of this kind is almost certain to 
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meet formidable difficulties becaus: 
the lack of detailed basic theory and | 
complexity of the field. 

A brief review of a fraction of 
book’s contents will show the varied 
fields into which the author has reach: 
General Background Material (Atos 
and Crystals), Syntheses of Luminescent 
Solids, Structures and Energy Levels of 
Phosphor Crystals, Luminescence Spectra, 
Time Dependence of Luminescent Proc- 
Stimulation and Quenching of 
Phosphors, Phosphor E fficiency, General 
Properties of Phosphors, and Uses of 
Phosphors. A useful and up-to-date 
bibliography (46 pages) is included. 

One of the unique features of this 
book is the collection of information 
previously unpublished or difficult to 
obtain except in government reports on 
wartime work. Indeed, a considerable 
fraction of the book is devoted to 
presentation of original data and curves 
taken by the author’s well-known group 
at the RCA Laboratories. The careful 
and detailed descriptions of the syn- 
theses of useful phosphors will prove 
valuable in assuring different investiga- 
tors that they may work with the same 
phosphor materials if they desire, and 
will thereby, it is hoped, remove one of 
the main obstacles to progress in the 
field of luminescence. 

The subject of cathodoluminescence 
is dealt with in various parts of the book 
in much detail and represents a field in 
which the author’s contributions are of 
great practical significance. 

Emphasis in this book is on commer- 
cial inorganic phosphors. The prepara- 
tion of standard inorganic phosphors 
and the devising of new ones are treated 
liberally. For its practical procedures, 
hints, and comprehensiveness, this book 
is certain to appeal to a large audience. 
It is to be regretted that the author has 
not dealt either with the fluorescence of 
pure organic solids (anthracene, naph- 
thalene, etc.) or of the alkali halides 
activated by heavy metals in enough 
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tail to be useful. The work of Pohl, 
Isch and their collaborators, in the 
nion of the reviewer, could profitably 
eive more attention. 

On the theoretical side, as already 
entioned, the difficulties and com- 
exities of the luminescence of solids 
ree the author’s treatment into the 
tandard mold, in which only partially 
nderstood configurational and energy- 
vel diagrams are used as an approxi- 
ation to the truth. The basic ideas 

f Mott, Seitz, von Hippel and Johnson 
ire followed but little can or has been 
idded to these older treatments to aid 
the understanding. In fact, the re- 
iewer found the multiplicity of similar 
iagrams, definitions, schematic figures, 
tc., somewhat confusing and disturbing. 
Some minor aspects of the book could 


tand improvement: There is an error 
n the expression for transition probabil- 
ty [Eq. (91), Figs. 68, 77] that renders 
these figures and the accompanying text 
f doubtful value. By making a clear 
listinetion between differential and in- 

gral energy loss, the discussion of 
penetration of materials by particles in 
solids and their accompanying energy 
loss (Fig. 22 and text) could be greatly 
improved (also p. 353). The source of 
the pertinent theoretical analysis might 
be given, the limitations of the theory 
clearly stated, and the agreement with 
experiment discussed. The reader may 
be misled by the citation of Haynes’ 
work (p. 321) in connection with the 
question of energy transport by excitons 
or electrons, which refers to non-fluores- 
cent AgCl at room temperature. Some 
of the references are rather swollen (e.g., 
Ref. 292), and in many cases it is dif- 
ficult to determine which item of many 
the author refers to. 

On the whole, the reviewer feels that 
Mr. Leverenz’s book will find a good 
reception and that its practical infor- 
mation, collection of data and bibliog- 
raphy will be much appreciated. The 
diagrams and printing are excellent. 


Vol. 7, No. 3 - September, 1950 


VAN NOSTRAND TO PUBLISH 
“ATOMIC ENERGY SOURCEBOOK" 


The Atomic Energy Commission 
recently announced that a contract for 
publication of the ‘Sourcebook on 
Atomic Energy’’ by Samuel Glasstone 
has been awarded to the D. Van 
Nostrand Company of New York. The 
publication date will be about Dee. 1, 
1950, and the book will sell for $2.90. 

It is a 450-page treatise suitable for 
use by college students, teachers, text- 
book authors, and publishers. 


OTHER LITERATURE 
The Liquid Metals Handbook, pub- 


lished under joint sponsorship of the 
AEC, ONR, and the Navy Bureau of 
Ships; R. N. Lyon, editor-in-chief. 
The seven chapters in this 194-page 
book are entitled: Physical properties of 
some liquid metals, chemical properties 
and laboratory techniques, resistance 
of materials to attack by liquid metals, 
availability, heat transfer, large scale 
handling, and industrial utilization. 
Available from Superintendent of Docu- 
ments, U. S. Govt. Printing Office, Wash- 
ington 25, D. C., $1.25. 


(List of and index to) Documents Re- 
leased by the United States Atomic 
Energy Commission to January 1, 1950 
(TID-358). Available from U.S. AEC 
Technical Information Division, Oak 
Ridge, Tenn., 30 cents. 


Atomic Energy Commission Document 
Price List 16. A listing of the AEC 
unclassified and declassified documents 
and research reports made available 
since Price List 15 was issued in January, 
1950. Purchase of documents listed 
must now be made from the Office of 
Technical Services, Dept. of Commerce, 
Washington 25, D.C. Copy of price 
list available without cost from U. S. 
Atomic Energy Commission, Technical 
Information Division, Oak Ridge, Tenn. 
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NUCLEONIC EVENTS 





NEW AEC COMMISSIONER AND ADVISERS NAMED; WILSON RESIGNS 


On August 22, 


the Senate confirmed T. Keith Glennan as Preside: 


Truman’s nomination to fill the remaining vacancy on the Atomic Energ) 


Commission. 


electrical engineer and has been presi- 
dent of the Case Institute of Technology 
in Cleveland since 1947. He is 44 years 
old and served during World War IT as 


director of the Navy’s underwater 
sound laboratory at New London, 
Conn. He will fill the commissioner- 


ship vacated by Lewis L. Strauss, who 
resigned on April 15. 
On August 11, 
announced the appointment of three 
new members to the ten-man General 
Advisory AEC, 
under the chairmanship of J. Robert 
Oppenheimer. They are Willard F. 
Libby, Eger V. Murphree, and Walter 
G. Whitman. Elected for a two-year 
term, they Fermi, 
Glenn T. Seaborg, and Hartley Rowe, 


President Truman 


Commission of the 


replace Enrico 
whose advisory committee tenure pres- 
ently expires. 

Dr. Libby is professor of chemistry at 
the University of Chicago and is a Senior 
Responsible Reviewer forthe AEC. Dr. 
Murphree, who is president of the Stand- 
ard Oil Development Company, served 
the Manhattan District as a member of 
the OSRD planning committee responsi- 
ble for the technical and engineering as- 
pects of the project and as co-director of 
the construction of the heavy-water 
plant in British Columbia. Dr. Whit- 
man is head of the Department of Chem- 
ical Engineering at Massachusetts Insti- 
tute of Technology and during the war 
directed the WPB’s chemicals 
division. 
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Carrying with it a five-year term, Glennan’s appointment 
brings AEC membership up to its full strength of five. 


Dr. Glennan is a 


Another development last month af- 
fecting the AEC was the resignation on 
August 8 of Carroll L. Wilson, AEC’s 
general manager. In a letter to the 
President, Mr. Wilson explained that the 
General Manager’s job had ‘changed 
greatly”’ from what it had been under 
the chairmanship of David Lilienthal 
and that he was leaving his post “for 
which are compelling.” He 
served in the position since the creation 
of the AEC on January 1, 1947. 

Carleton Shugg, Deputy General 
Manager of the AEC, has been named 
as Acting General Manager to succeed 
Mr. Wilson. Mr. Shugg was appointed 
Deputy General Manager of the AEC 
on September 1, 1948. In this position, 
he was responsible for coordinating and 
expediting the technical and scientific 
phases of the Commission’s operations. 
Prior to that appointment, he was 
manager of operations at Hanford. 


RADIOLOGY CONGRESS PAPERS 
ATTRACT WIDE INTEREST 

The Sixth International Congress of 
Radiology, held in London from July 
24-28, was well attended by delegates 
from all over the world. 

Among the sessions on the program 
were symposia on acceleration of parti- 
cles and the generation of ionizing radia- 
tions, radioactive isotopes in therapy, 
radiation chemistry, radiological units, 
radiation genetics, radiotherapeutic 


reasons 
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ysies, mode of action of ionizing 
liation, radiation hazards, and pro- 
ction and physical properties of 
liolsotopes 

NUCLEONIcs, in the near future, will 
iblish a number of the papers presented 


t the Congress. 


BROOKHAVEN REACTOR 
BEGINS OPERATION 


The nation’s largest nuclear reactor 
peacetime research began operation 
2:30 a.m. on August 22 at Brook- 
iven National Laboratory, Upton, 
New York. It is an air-cooled graphite- 
iranium pile that took three years to 
iild and cost $25,000,000. In size, it 
s exceeded in this country only by the 
eactors at Hanford, Washington. Dr. 
Lyle B. Borst is in charge of the re- 
ctor work 
Loading of uranium to bring the 
eactor to its full designed power of 
30,000 kw is in progress and will con- 
Meanwhile, 
xperiments will begin, with the pile 


tinue for several months. 


yperating 24 hours a day. The reactor 
s made up of 60,000 pieces of graphite 
in some 2,600 shapes and sizes; 300,000 

ibie feet of air are drawn through the 


pile per minute. 


$514-MILLION REQUESTED 
FOR NEW AEC PROJECTS 


The Atomie Energy Commission 
sudget, under regular appropriations, 
neludes $647, 820,000 cash money for 
the fiscal year 195l,qfor carrying on 
irrent operations and contracts previ- 
uusly made. Out of this sum, $414- 
million is for payment of contracts prior 
to this year. In other words, it will be 
ipplied to cleaning up old obligations. 
\llowance for new obligations totals 
$233,820,000. $300,150,000 is provided 
for contract authority. Combining the 
$233,820,000 for new obligations with 
the $300,150,000 for contract authori- 
zation gives a total of $533,970,000 


lor new projects. 
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In addition to the regular appropria- 
tion, President Truman on July 7 re- 
quested $260-million for a ‘‘weapons 
program,” generally conceded to mean 
the hydrogen bomb. This supple- 
mentary appropriation would be in cash 
money. The AEC must obligate the 
full amount during the fiscal year 1951, 
but not necessarily spend it in actual 
cash payments 

Based on the request for an additional 
$260-million, the following tables give a 
summary of AEC costs and obligations 
for the fiseal year 1951: 

Estimate 
Fiscal Year 
1951 


Operations, accrued « 


Source and fissionable materials $135,800,290 


Weapons 132,888,257 
Reactor development 37,516,420 
Physical research 32,182,700 
Biology and medicine 20,144,308 
Community services 7,466,108 
Program direction and adminis 

tration 23,915,522 

T otal $389,913,605 

Plant and Equipment, a wed cost basis: 

Production facilities $333,512,755 
Research facilities 138,255,316 
Community facilities 24,444,406 
Administrative facilities 127,490 
Multipurpose facilities 8,077,990 

Total $504,717,957 


PLANS FOR THIRD AIEE-IRE 
CONFERENCE ANNOUNCED 


The Third Annual Joint ATE E-IRE 
Conference on Electronic Instrumenta- 
tion in Nucleonics and Medicine will be 
held October 23-25 in New York at the 
Park Sheraton Hotel 

Papers will be presented on nucleonics 
in medicine, nucleonic developments 
in industry and government, and the 


non-nucleonic phases of electronics in 
Continued on page 86) 
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The description of this month’s cover 


picture appears on page 138. 
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PRODUCTS and MATERIALS 





COATED-CATHODE GM TUBES 
Tracerlab, Inc., 130 High St., Boston 10, 
Mass., has developed a process which 
makes it possible to evaporate stainless 
steel on the inside glass walls and mica 
The 


cathode coating replaces the previous 


windows of Geiger tubes. steel 


It is said to extend 
the life of mica window-type tubes by a 


aquadag coating. 


factor of ten, and substantially increase 
the life of all-glass tubes. Background 
is 30% lower than with the correspond- 
ing aquadag-coated type. Since stain- 
less steel has a very small coefficient of 
electron emission by positive ion and 
photon bombardment, spurious counts 
are minimized. Elimination of out- 
gassing is said to decrease changes in the 
tube characteristics with aging. 


DECONTAMINATION WASH 

Atomlab, 489 Fifth Ave., New York 17, 
is Bs 
radioactivity 
which is claimed to act as a combination 


Radiacwash is a general purpose 
decontamination — liquid 
detergent, emulsifier, solvent, ion-ex- 
tractor, surface wetter, antiseptic, and 
The liquid is miscible with 
A 1:5 dilu- 
The 


product comes in gallon bottles and is 


carrier, 
water in all proportions. 
tion is suggested for skin surfaces. 


claimed to be equally effective in either 
hard or soft water. 
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PULSE GENERATOR 


Nuclear Instrument & Chemical Corp., 
229 W. Erie St., Chicago 10, Ill. 
tive or negative pulses of 0, 10, or 100 


Posi- 


usec width and with amplitude ranges 
of 0-0.5, 0-5, or 0-20 volts can be 
with the 1022 pulse 
generator. Pulse frequency can be 
varied between 10 and 200,000 pulses 
sec with an 


obtained model 


external oscillator, or 


synchronized with a 60-cycle supply. 
Accuracy is said to be within 5% over 


the entire range. 








SCALER 


Atomic 84 Massa- 


Instrument Co., 
chusetts Ave., Cambridge 39, Mass. 
The model 1010 Scaler can be obtained 


deeade_ scale-of-100 or 
Standard features 


with either a 


binary scale-of-256. 
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clude plug-in input, GM probe and 
xternal preamplifier inputs, pulse- 
eight discriminator, and a 2,500-volt 
egulated high-voltage supply. Resolv- 
ng time is less than 5 mwsee and GM 
robe sensitivity is 0.25 volts. The 
init is available with a number of 
iodifications: an optional scale-of-1,000 
r seale-of-4,096, scaling-factor selector 
switch, precision-calibrated 50-100 volt 
liseriminator, and a reset register. 





C-R-O TIME MARKER 


Berkshire Laboratories, P. O. Box 70N, 
Concord, Mass. The Berkshire Lab- 
marker is a self-contained wave-shaping 
device used to produce time marks in 
cathode-ray oscillography. Plugged in- 
to the terminals of an audio-frequency 
oscillator, the unit converts the sinu- 
soidal input voltage (maximum ampli- 
tude, 30 rms volts) into a series of 
sharp, unidirectional pulses. These 
pulses may be displayed directly on 
the face of a cathode-ray tube. Timing 
marks are obtained by connecting the 
output of the Labmarker to the Z input 
terminals of the oscilloscope. Two 
versions of the device are available: the 
Model 1N gives negative pips, and the 
Model 1P, positive pips. 


WASTE DISPOSAL CONTAINER 


Radioisotope Applications Co., 1834 
University Ave., Berkeley 3, Calif. The 
tiaco waste disposal container is de- 
signed for dry radioactive waste. A 
water-resistant, disposable paper bag fits 
into a metal container, which is opened 
and closed by a lever on its side. Over- 
all dimensions are 10 X 12 X 17 in. 
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INSULATING SCREWS 


Forman Insulating Screw Corp., 401 
Broadway, New York 13, N. Y. The 
Forman Insulating Screw consists of a 
serrated metal core, extrusion-coated 
with a thermoplastic material. Serew 
threads are machine cut. Manufac- 
turer claims shock-resistance, vibration 
damping, and elimination of lock wash- 
ers. A range of lengths, thread types, 
head styles, diameters, colors, and types 
of plastic material are available 


STABLE ISOTOPES 


Isotope Research and Production Di- 
vision, Y-12 Area, Oak Ridge National 
Laboratory, Oak Ridge, Tenn. A 
catalog of available electromagnetically 
concentrated stable isotopes is contained 
in the unclassified report Y-625, re- 
leased July 27. Now available for 
shipment are 348 samples of isotopes of 
40 elements ranging in atomic number 
from 3 to 82. Production of 550 sam- 
ples has been completed, but some have 
not been analyzed or completely refined. 
The report catalogs isotopes by element 
and lists series, sample number, per cent 
abundance of enriched isotopes, and 
weight and chemical form available for 
shipment. Isotopes are available in 
milligram quantities for loan to both 
AEC and non-AEC users, through the 
Isotopes Division, U. 8. AEC, P. O. 


Box E, Oak Ridge, Tenn. 


D-C INDICATING AMPLIFIER 


Leeds & Northrup Co., 4934 Stenton 
Ave., Philadelphia 44, Pa. A stabilized 


d-c indicating amplifier for low-level 
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measurements is produced in two 
models; one a voltage amplifier and the 
otheracurrent amplifier. These instru- 
ments can be supplied with either zero- 
left or zero-center 4-in. indicating meters. 
Basic range of the voltage amplifier is 
0 to 50 or —25 to +25 wv, with scale 
multipliers of 1, 2, 4, 10, 20 and 40. 
The current amplifier has a basic range 
of 0 to 1,000 or —500 to +500 wyua, and 
multipliers of 1, 2, 5, 10, 20, 50, 100, 
200, 500, 1,000 and 2,000. Output for 
full-scale input on any range for either 
model is 10 mv with an output imped- 
ance of 500 ohms. The _ indicating 
meter can be switched to nonlinear 
response for convenience in null-balance 
measurements, 





MICROPHOTOMETER 
American Instrument Co., Inc., Silver 
Springs, Md. The Light- 


Scattering Microphotometer is com- 


Aminco 


pletely a-c operated. It can detect 
20 wulumens of scattered light with high 
angular resolution and minimum diver- 
gence from small sample volumes. The 
light source is a mercury-vapor lamp. 
The optical system is removable. Four 
types of photomultiplier tubes may be 
used. The receiving angle, read on a 
beveled disk, may be varied from 0 to 
147 degrees. Direct comparison of 
light intensities as decimal percentages 
is possible with this instrument. 
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DUAL-VOLTAGE POWER SUPPLY 


Kepco Laboratories, Inc., 149-14 41st 
Ave., Flushing, N. Y. Two independ- 
ent voltage-regulated d-c power and 
a-c filament supplies are combined in 
the model 510 unit. Each d-c output 
voltage is continuously variable from 
200 to 500 volts, 0 to 200 ma. Rippk 
voltage islessthan 5mv. Eacha-c out- 
put is 6.3 volts, 6 amps, center-tapped, 
and unregulated. Power consumption 
is 600 watts, and the unit is provided 
with an output milliammeter and volt- 
meter for each circuit. 


FLAME-RETARDANT INSULATION 


E. I. du Pont de Nemours & Co., Inc., 
Wilmington 98, Del. ‘‘Rulan”’ flame- 
retardant plastic electrical insulation 
will not burn after a flame has been 
removed nor drip when molten. With 
a power factor of 0.002 and a dielectric 
constant of 2.7, the material is said to 
be nontracking. It will retain its elec- 
trical properties after extended immer- 
sion in water. 


LITERATURE AVAILABLE 


Impedance Measurement. Catalog 
sheets give photographs, diagrams, and 
statistics for model 250-B_ universal 
impedance bridge and accessory bridge 
amplifier. Brown Electro-Measurement 
Corp., 4635 S.E. Hawthorne Blvd., 
Portland 15, Ore. 
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BECKMAN RADIOACTIVITY METERS 


for every purpose 


No matter what your requirement in Radioactivity Meters, consult 


Beckman for the latest and most efficient radioactivity 


equipment. Typical of the complete Beckman line are 


such instruments as those outlined below. . . 


Ip 





MX-3A RATE METER 
ACCUMULATOR 


An ion chamber meter that can be used 
a Rate Meter for Beta Gamma Moni- 
ring to 2000 mr/hr as an Accumu- 

r to 100 mr, full scale. Terminals 

F led for connecting a Recorder 

Also accommodates relay Alarm System 


xternal meter. Gives high accuracy in 
nges. Simy le, inexpensive AC oper 
xecuracy unaffected by normal 

Itage fl tuations 
Pree. Ss - «+ $350.00 





MX-5 GEIGER COUNTER 
Detects and measures very low intensi- 
ties of Beta, Gamma and X-Rays. Dif 
ferentiates between hard and soft rays. 
Meter dial calibrated directly in mr/hr., 
0 to 20 mr/hr. Instrument is completely 
portable with GM tube mounted on 3 
ft. probe. Low-drain amplifier assures 
long battery life. Desiccated case and 
probe. Earphones can be used. 

A - csc csvnece « Ce 


owe 





MX-8 GEIGER COUNTER 


A lightweight, revolutionary new radio- 
activity detector at an unusually low 
price. Weighs only 3% Ibs., complete, 
for maximum portability Proximity fuse 
type amplifier gives strong signals. 1000 
hr. battery life. GM tube encased in in- 
strument, permitting one hand opera- 
tion, maximum convenience. Detects 
Beta, Gamma and X-Rays—both low 
and high intensities. Ideal for uranium 
prospecting—also for health protection 
and other radioactive detection 


Price (including earphones) . $97.50 





MX-2 BETA, GAMMA 
SURVEY METER 
Yperating range to 2,000 mr/hr in five 
lapping steps. Direct-reading—no 
bration charts needed. Only one con 
trol to operate besides range switch. Re 
le inverse feedback amplifier that 
its 600 hour battery life. 


Price oc ec eo « o ORS 





MX-6 GAMMA RADIATION 
DETECTOR 
Hermetically-sealed ion chamber per- 
mits readings independent of atmos- 
pheric pressure. Waterproofed, desic- 
cated case. Operating range to 5000 
mr/hr in three full-scale steps. No cali- 
bration charts needed. 200 hr. bat. life. 


MX-4 UNIVERSAL LABORATORY 
IONIZATION METER 


Operating range to 20,000 mr/hr in 
fourteen overlapping steps. Interchange- 
able ion chambers on extended cable to 
minimize secondary radiation effects. 
Three-step inverse feedback amplifier 
provides maximum response see and 
reliability. Completely portab! 

ates on self.contained long-life batteries. 
Bs. 0 we te ¢ Oe 


DETAILED LITERATURE on the above Beckman Radioactivity Meters will gladly 
be supplied on request. Write, outlining your requirements and problems. Beck- 
man Instruments, National Technical Laboratories, South Pasadena 37, California. 
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medicine. Among the features of the 
conference will be a special evening 
round-table discussion of the book 
‘Effects of Atomic Weapons.” 
Exhibits of nucleonics instrument and 
related products will be displayed. 


AERE HOLDS NUCLEAR 
PHYSICS CONFERENCE 


On Sept. 7-13, the Atomic Energy 
Research Establishment sponsored a 
Nuclear Physics the 
Clarendon Laboratory, Oxford, Eng- 
land. The 
particle accelerators, high-energy phys- 


Conference at 


subjects discussed were: 
ics, energy levels and transmutations of 
light nuclei, angular distribution experi- 
ments, photodisintegration, pile physics, 
and neutron and beta-ray spectroscopy. 
The conference also included a visit to 





the AERE laboratories at Harwell a; 
was attended by a number of Americ 
nuclear scientists. 


ELECTRONICS CONFERENCE 
SCHEDULES NUCLEONICS SESSIONS 

Two sessions on nucleonics are sche: 
uled for the Sixth Annual Nation 
Electronics Conference and Exhibitio: 
to be held at the Edgewater Bea: 
Hotel, Chicago, Ill., September 25-27 

Both nucleonics sessions will be held 
Wednesday, September 27. The first 
at 10:00 a.m.,”will consist of the follow- 
ing papers: Electronic aspects of radiation 
instruments, by E. E. Goodale and R 
M. Lichtenstein of the General Electri: 
Co.; Corona voltage regulator tubes fo 
nucleonics, by D. L. Collins of Victoreen 
Co.; Electronics ir 
particle accelerators, by T. M. Dickens 
and T. W. Dietze. 


Instrument and 





23 ‘Technical Papers 





Third Annual AIEE-IRE Conference 


Electronic Instrumentation 
Nucleonics and Medicine 


October 23-25, 1950 
Park-Sheraton Hotel, New York 


Tuesday Evening Round Table Discussion 
of ‘Effects of Atomic Weapons” 


NUCLEONIC MANUFACTURERS EXHIBIT 


Tuesday and Wednesday—some 30 excellent exhibits 


Information: WILLIAM C. COPP, Room 706 
303 West 42nd St., New York 18 
Cl-6-2036 
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The second session, at 2:00 p.m., will 
onsist of: Radioactive snow gage with 
emetering system, by J. A. Doremus of 
\fotorola, Inc.; Design characteristics of 
proportional counters, by A. C. 
schenkler of the General Electric Co.; 
in investigation of a scintillation counter 


ising anthracene crystals, by Bernd 


Ross of Radiation Counter Laboratories, 
Inc.; and Hermetically sealed high pres- 
sure ton chambers, by J. G. Haines of 
the General Electric Co. 

Also of interest on the program is a 
paper entitled Stereo television in re- 
control, to be read at the 10:00 
a.m. television session on September 26. 


mote 





DU PONT ACCEPTS MATERIALS PRODUCTION CONTRACT 


The Atomic Energy Commission has selected the E. I. du Pont de Nemours 
nd Company as contractor for the design, construction and operation of new 


roduction facilities which will be located at a site yet to be determined. 


The 


lu Pont Company has already started preliminary work and has agreed to con- 


tinue the project provided mutually 
sitisfactory contract conditions can be 
vorked out with the Commission. 

The additional plants, like existing 
\EC facilities, will provide materials 
vhich can be used either for weapons or 
or fuels potentially useful for power 
yurposes. 

The AEC, also, is establishing a new 
Operations Office, its ninth major field 
nstallation, to supervise the new facil- 
ty’s site selection, design, construction 
ind operation. Temporary headquar- 
ters for the office are in Washington. 
Curtis A. Nelson, who has been asso- 
ciated with the atomic energy program 
both with the Army and the Commis- 
sion, has been designated as Manager. 
The Deputy Manager of Operations is 
Robert C. Blair. 


DENTAL SOCIETY OFFERS PRIZE 
FOR ATOMIC ENERGY ESSAY 

To stimulate interest in the subject 
of atomic energy as used in their profes- 
sion, the First District Dental Society, 
Hotel Statler, New York 1, N. Y., is 
offering a prize of $100 to any college 
senior for the best essay on ‘‘ Atomic 
Energy and Its Relation to Dentistry.” 
Similar prizes may be offered to interns 
and graduates in the near future. 

This offer is in line with the progres- 
sive program recently approved by the 
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Society and formulated by its Atomic 
Energy Program Committee (NU, Aug. 
50, p. 92), under the chairmanship of 
Theodore Kaletsky, D.D.S. The policy 
of the program is to: (1 
membership current 
ments in atomic energy research as it 
pertains to dentistry, (2) stimulate fur- 
ther study and research in this field, and 
(3) initiate, develop, and sponsor re- 
search projects, such sponsorship to be 
limited to the selection and placement 
of personnel and the assistance in the 


inform the 


about develop- 


formulation of research problems. 

The Committee and the Society, 
under its current president, Dr. Oscar 
Johnson, recently sponsored a sympo- 
sium on the fundamentals of atomic 
energy, which included such topics as 
tracers, therapy, apparatus and detec- 
tion instruments, and the present 
status of dental research. A demon- 
stration was given of the practical 
application of radioisotopes in dentistry. 
Among the invited speakers at the 
symposium were Dr. Edith Quimby of 
Columbia University College of Physi- 
cians and Surgeons, Dr. Herbert J. 
Bartelstone of Montefiore Hospital, and 
Drs. W. W. Wainwright and John H 
Manley of the Los Alamos Scientific 
Laboratory. 


(Continued on page 88) 
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MARION RUGGEDIZED METERS 


: a 
, BeRMCEA 
12c00000oooe 


This amazing new family of Marion ruggedized electrical indica. 
ing instruments sets new standards of quality and accuracy in 
electrical measurement. Marion “Ru me instruments give 
better performance in amy application. Use them with confidence 
even where you never before dared use “delicate instrument. 
They exceed all JAN-1-6 requirements, are hermetically sealed 
— interchangeable with existing JAN 214” and 
types 


Marion Ruggedized instruments perform perfectly under critica! 






































When you want the best in meters for any application 
—from bulldozers to 
Marion, the name that means the most in meters. 


Send for our booklet on Marion Ru 
ments. Marion Electrical Instrument 
Canal Street, Manchester, New Hampshire. 


conditions of shock, vibration, mechanical stress an 
strain. Hermetic sealing makes them impervious to 
weather and climate. 


iger Counters—insist on 


edized Instru- 
mpany, 414 


MARION MEANS THE MOST IN METERS 


Manufacturers of hermetically sealed meters since 1944 








Trademark 
© 1950 Marion 
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MEETINGS 


Faraday Society, General Discussion on Spec- 
troscopy and Molecular Structure, and 
Optical Methods of Investigating Cell Struc- 
ture—Cambridge ‘ University, Cambridge, 
England, Sept. 25-28 

American Roentgen Ray Society, 50th Anniver- 
sary Meeting—St. Louis Mo., Sept. 26-29 


National Metal Trades Association—Hotel 


Commodore, New York, N. Y., Sept. 27-29 





National Academy of Sciences—General Ele« 
tric Research Laboratory, Schenectady 
N. Y., Oct. 9-11 

Southwide Chemical Conference, sponsored 
jointly by the American Chemical Society and 
the Southern Association of Science and 
Industry—Atlanta, Georgia, Oct. 16-18 

Institute of Biology and Atomic Scientists 
Association, joint meeting to discuss ‘* Biologi 
cal Hazards of Atomic Energy’’—Royal 
Institution, London, England, Oct. 20-21 

Institute of Radio Engineers and American 
Institute of Electrical Engineers Conferencé 
on Electronics Instrumentation in Nucleonics 
and Medicine— New York, N. Y., Oct. 23-25 
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Selections from the 


NUCLEAR ENERGY GLOSSARY 





Reactor Engineering 


THE TERMS defined on the following pages have been selected from 
Section III (Reactor Engineering)* of A Glossary of Terms in Nuclear 
Science and Technology.t The material in Section III was reviewed by 
the Director of Classification of the Atomic Energy Commission and 
contains no “restricted data’ as defined by the Atomic Energy Act. 


The glossary was prepared through the efforts of participants in the National 
Research Council Nuclear Glossary Conference, the story of which was published 
n Nucieonics, March, 1950, pages 89-90.} 

Users of these terms are invited to send suggestions and criticisms to the Chair- 
nan of the NRC Glossary Conference, National Research Council, 2101 Constitu- 
tion Avenue, Washington 25, D. C., for consideration in making a further review 
ind revision for a later publication of all sections, possibly in a single book. 

The section from which the following terms have been selected has been issued 
and designated by the American Standards Associa- 


is a ‘Preliminary Edition” 


tion as a ‘‘Proposed American Standard.” 


* Members of the Section III Review Committee, appointed to act for the NRC Glossary Con- 

ence, were ; Clinton J. T. Young (Chairman), Melpar, Inc. (formerly with The Kellex Corpora- 
tion); Harvey Brooks, Harvard University (formerly with the General Electric Company); H. 
Etherington, Argonne National Laboratory; Clark Goodman, Massachusetts Institute of Technol- 
wy; A. Kalitinsky, Fairchild Engine and Airplane Corporation; and George Weil, Atomic Energy 
Commission (Washington). 

+ Copyright 1950 by the National Research Council and yublished by the American Society of 
Mechanical Engineers, 29 West 39th Street, New York 18, N. Y. Selections from the Glossary are 
t ubl lished here with the permission of these two organizations, 

t Published pre viously in NUCLEONICS were te rms se lected from Section V, ‘ Chemical E ngineer- 

ng” (NU Mar. '50, pp. 91-96); and Section VI, “ Biophysics and R adiobiology ” (NU. Apr. °50, 
pp. 98-108). 
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NUCLEAR ENERGY GLOSSARY—Reactor Engineering (Continued) 





Absorber. Inanuclear reactor, a sub- 
stance that absorbs neutrons without 
reproducing them. 

Active lattice. The core of a lattice 
reactor, in which fissionable and non- 
fissionable materials are arranged in a 
regular pattern. (See Lattice.) 

Active section. The part of a nu- 
clear reactor in which the reproduction 
factor, aside from leakage, is unity or 
greater, so that the chain reaction is 
potentially self-sustaining. 

After-heat. Heat resulting from re- 
sidual activity after reactor shut-down. 


Beam hole. Hole through the shield 
and usually through the reflector of a 
reactor to permit the escape of a beam 
of radiation—in particular, a beam of 
fast neutrons, for experimental purposes. 


Before-and-after test. Irradiation 
test in which the properties of a speci- 
men are measured before insertion and 
after its removal from a reactor. 

Biological hole. Cavity in a nuclear 
reactor to permit placing animals or 
plants near the active section. 

Biological shield. Shield to protect 
personnel from the effects of particles 
or radiation, usually from a reactor. 


Black. 


Bombardment damage. Damage 
from bombardment by particles as 
distinguished from photons. 


(See Opaque . 


Breeder. (See Converter.) 


Bulk test. Test of a shield sample 
having high attenuation, usually re- 
quiring a large sample. 


Can. 

Canal. A water-filled trench or con- 
duit associated with a nuclear reactor, 
used for removing and sometimes stor- 
ing radioactive objects taken from the 
The water acts as a shield 


(See Jacket. 


reactor. 
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against radiation but permits object: 
the canal to be moved and inspecte: 


Canyon. A long, narrow space «\- 
closed with heavy shields, constituti: g 
the major part of a building used 
certain types of radiochemical plar 

Capture gamma. Gamma radiati 
emitted promptly upon the capture 
a neutron by a nucleus. 


Cent. (See Dollar.) 


Ceramic reactor. A _ reactor con- 
structed of fuel and moderator assem- 
blies of high-temperature-resistant « 
ramic materials, such as metal oxides, 
carbides, or nitrides. 


Channel. A passage, especially 
through the core of a reactor, for 
movement of heat-transfer fluid or to 
contain fuel slugs. 


Charge. The fissionable material o1 
fuel placed in a reactor to produce a 
chain reaction. 


Circulating reactor. A nuclear re- 
actor in which the fissionable materia! 
circulates through the core. This 
ordinarily will involve the use of fission- 
able material in fluid form or in smal! 
particles suspended in a fluid. 


Coating. Integral protective enve- 
lope deposited on a fuel rod by plating, 
dipping, ete., and serving the same 
purposes as a jacket. (See Jacket.) 


Configuration control. Control of 
the reaction rate of a nuclear reactor 
by change in the configuration of its 
core. An example is mass separation. 


Control. (See Moderator control, 


Control rod, Start-up procedure.) 


Control rod. Any rod used to con- 
trol the reaction rate in a nuclear reac- 
tor, which it does by changing the 
effective multiplication constant and 
hence the reaction rate’s time deriva- 
tive. It may be a fuel rod or a part of 
the moderator; in thermal reactors, it 
commonly is a neutron absorber. Cad- 
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ARAL oe 


in the form of boron 


ind boron 


el) are suitable absorbing materials. 
metimes absorbing control rods are 
de of fertile material to utilize the 
itrons control. The 

includes Power control rod, Regu- 


absorbed in 


g rod, Safety rod, Shim rod. 
Converter. A nuclear reactor that 
nverts fertile atoms into fuel by 
itron capture. Two different ways 

using the words converter and 
eder are in use at present: 


\ converter is a reactor that uses 

kind of fuel and produces another 
g., consumes U?* and produces Pu 
om | 3) and a breeder produces the 
me kind of fuel (e.g., consumes Pu 
d produces more Pu from U?*), 

\ breeder is a converter that pro- 
fissionable atoms than it 


ices more 


msumes 


Core. The body of fuel or moderator 
nd fuel in a nuclear reactor. It does 
it include the fuel outside the active 
ection in a circulating reactor. Identi- 

| with active lattices in a lattice 

ctor See Active lattice, Lattice.) 


Counter range (of reactor operation). 
\ low range of the reaction rate in a 
eactor, in which neutron flux cannot be 
veasured by the permanently installed 
ontrol instruments but must be meas- 
ired by counters. It is found in the 
tart-up procedure. See Instrument 

inge and Power range. 

Critical experiment. Experiment in 
which fissionable material is assembled 
gradually until the arrangement will 
support a self-sustaining chain reaction; 
ts purpose is to determine the critical 
size and operating and control features 
fa proposed reactor or of a new reactor 
prior to operation. It is carried out at 
substantially zero power so that forced 
cooling is unnecessary and fission-prod- 


ict activity is negligible. Cf. Zero- 
power reactor. 
Curtain. A thin shield, usually of 


cadmium, to shut off slow neutrons. 


Danger coefficient. A number ex- 


pressing relative poisoning effects of 
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coefhi- 
loss in 


different materials. From = this 
cient, ean the 
reactivity that would be incurred by 


having these materials in the reactor. 


one estimate 


Delayed-critical. Being in the con- 
dition of a nuclear reactor that is criti- 
cal (effective multiplication 
= ] the 
delayed neutrons, but 
critical without them 

cal often is used alone to mean dela jed- 
critical, (See Delayed and 
Prompt-« ritical. 


constant 
contribution of 
would not be 
The term criti- 


because of 


hie itron 


Delayed neutron. Neutron emitted 
during the radioactive decay of a fission 
fragment, so called because it is emitted 
an appreciable time after the fission. 


Depletion. Percentage reduction in 
the quantity of fissionable atoms in the 
fuel fuel mixture by 
their consumption in the course of reac- 
tor operation, e.g., reduction in the U*4 
content of natural uranium, 


Dollar. A term for the difference 
between the reactivities for a given reac- 
tor corresponding to the delayed-critical 
and prompt-critical conditions. One 
one-hundredth of a dollar is called a cent. 

See Delayed-critical, Prompt-critical. 


assemblies or 


Doughnut. Assembly of fissionable 
material of higher enrichment than that 
of the basic reactor, used in a thermal 
reactor to provide a local increase in a 
fast neutron flux for experimental pur- 
It is shaped like a doughnut. 


poses. 


’ 
Enriched reactor. A nuclear reactor 
in which the fuel may be uranium in- 
creased in U2 beyond the 


normal isotopic concentration or other 


content 


concentrated fuel such as plutonium or 
U233 or a combination of these. 


Epithermal reactor. A nuclear re- 
actor in which a substantial fraction of 
fissions (say 30 or 40%) are induced by 
neutrons of more than thermal energy. 
Cf. Intermediate reactor. 

Exponential experiment. A subcriti- 
cal assembly of fissionable material and 
moderator useful in determining lattice 
design of a thermal reactor. 
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Fast reactor. A nuclear reactor in 
which there is little moderation and 
fission is induced primarily by fast 
neutrons, i.e., by neutrons that have 
lost relatively little of the energy with 
which they were released. The slowing 
down of neutrons that does occur is due 
largely to inelastic scattering instead of 
elastic scattering. About 100,000 elec- 
tron volts is regarded as the minimum 
value of mean energy of neutrons induc- 
ing fission for a reactor to be considered 
fast, with 15 to 34 Mev more common. 
Sometimes fission threshold of U** is 
taken as lower limit of the fast range. 


Fertile. Capable of trans- 
formed into a fissionable substance. 
Common examples are thorium (Th?4?) 
and uranium (U%38), 


being 


Fissile. Fissionable. Fissile is 
used more in England and Canada than 
in the United States. 


Fissionable. Having the property 
of certain atomic nuclei, such as some 
isotopes of uranium and plutonium, of 
capturing neutrons and _ thereupon 
splitting into two particles with great 
kinetic energy. The term is properly 
applicable to nuclei that undergo fission 
by neutrons of thermal energies, but is 
sometimes applied loosely to 
where the neutron must be of high 
energy, as in saying that U8 is fission- 
able by fast neutrons. 


“ases 


Fluidized reactor. A nuclear reactor 
in which the fuel has been given the 
properties of a quasi-fluid, e.g., by 
suspension of fine fuel particles in a 
carrying gas or liquid. 


Flux converter. (See Doughnut.) 


Fuel. Fissionable material of rea- 
sonably long life, used or usable in pro- 
ducing energy in a nuclear reactor. 
The term frequently is applied to a 
mixture, such as natural uranium, in 
which only part of the atoms are fission- 
able, if it can maintain a self-sustain- 
ing reaction under proper conditions. 
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Fuel rod. A rod-shaped body 
nuclear fuel or a long, slender fuel 
sembly; short fuel rods are called sly 


Heterogeneous reactor. A nuclear ) 
actor in which the fissionable mate: 
and moderator are arranged as diser 
bodies (usually according to a regu 
pattern) of such dimensions that a no 
homogeneous medium is presented 

the neutrons. Cf. Homogeneous react 
and Lattice. 


Homogeneous reactor. A_ nuclear 
reactor in which the fissionable materi 
and moderator (if used) are combined 
a mixture such that an effectively homo- 
geneous medium is presented to thy 
neutrons. Such a mixture is repre- 
sented either by a solution of fuel in 
moderator or by discrete particles 
having dimensions small in comparison 
with the neutron mean free path. Cf 
Heterogeneous reactor. 


Instrument range (of reactor opere- 
tion). An intermediate range of reac- 
tion rate in a nuclear reactor, above thi 
counter range and below the power 
range, in which the neutron flux can be 
measured by the permanently installed 
control instruments such as ion cham- 
bers. Also called Period range because, 
in this range, the period, rather than 
power level, is the important quantity 
to measure. (See Counter range, Power 
range, and Period meter.) 


Intermediate reactor. A nuclear re- 
actor in which fission is induced predom- 
inantly by neutrons intermediate be- 
tween thermal and fast, i.e., by neutrons 
whose energies are greater than thermal 
but much less than the energy with 
which neutrons are released in fission. 
The range of 0.5 to 100,000 electron 
volts may be taken roughly as the 
energy range of neutrons inducing 
fission in intermediate reactors. (See 
Thermal reactor, Fast reactor, and Epi- 
thermal reactor.) 
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Jacket. A thin container for a fuel 
ig (or several slugs) to prevent escape 
fission products and corrosion of the 

Also frequently 

Aluminum is a useful jacket 

iterial in low-temperature reactors. 


el by the coolant. 


lled can 


Lattice. In a nuclear reactor, a struec- 
ire of discrete bodies of fissionable 
iterial and non-fissionable material 
specially moderator) arranged accord- 


g to a regular geometrical pattern. 


Vass separation. Adjusting the spac- 
g between two or more bodies of 
parts of the 
re of a nuclear reactor to control the 
te of fission taking place in them. 
several such bodies or parts of a core 
subcritical individually but con- 
titute a supercritical whole when 
issembled in close proximity, the reac- 
tor will be critical for some intermediate 
eparation; and, by adjustment of the 
separation, the reaction rate may be 


material or 


ssionable 


eld close to a constant value. 


Moderator. Material used in a 
iclear reactor to moderate, i.e., slow 
lown, neutrons from the high energies 
t which they are released. (See Fast 
eactor and Thermal reactor. 
The ratio of neutron 
subcritical reactor to that 
It is the 
factor by which, in effect, the reactor 
multiplies the source strength and is 
equal to 1/(1 — Keer). 


Multiplication. 
lux in a 
supplied by a neutron source. 


Opaque. Preventing the passage of 
radiation or particles (opposite of trans- 
parent The term usually is qualified 
is to the radiation involved; e.g., 
(‘‘black’’) to slow 
neutrons. The term is likely to be 
relative with respect to thickness; for, 
especially with gamma rays, which have 
no fixed range and are reduced approxi- 
mately exponentially with distance, a 
thick layer of a given material may be 
substantially opaque to these rays but a 
thin one highly transparent. 
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cadmium is opaque 


Period. The time required for one 
cycle of a regularly repeated series of 
events. In a nuclear reactor m which 
the neutron flux is falling 
exponentially, it is the time required for 
2.718 


rising of© 


it to change by a factor of ¢ 


Period meter. \ device from which 
an operator may read the reactor period 
in seconds. It may operate interlocks 
and scram the reactor if the period is 
dangerous, i.e., a few seconds or less. 
It measures neutron flux) /dd, 
which is the reciprocal of the period. 


d(log 


Period range. See Instrument 


range.) 


Pile oscillator. An arrangement for 
maintaining a neutron-absorbing body 
in periodic motion in a nuclear reactor 
The resulting fluctuations of neutron 
flux can be used to measure the proper- 
ties of the absorbing body of the reactor. 


Poison. Material of high-absorption 
cross section that absorbs neutrons un- 
productively and reduces the reactivity 
of a reactor. 


Porous reactor. A nuclear reactor 
composed of a porous material or aggre- 
gate of small particles with coolant or 
fluid fuel flowing through the pores. 


Power breeder. A nuclear reactor 
designed to produce both useful power 
and fuel. 


Power coefficient. The change of 
reactivity with increase in power. Ina 
heterogeneous reactor, it differs from 
the temperature coefficient because of 
the temperature differences of fuel, 
moderator, and coolant. 


Power control rod. <A rod for con- 
trolling the power level of a nuclear 
reactor. (See Control rod. 


Power density. Power generation 
per unit volume of reactor ore. 


Power range (of reactor operation). 
Range of power level in which a nuclear 
reactor is designed to operate. (See 
Counter range, Instrument range.) 


Power reactor. A reactor capable of 
providing useful mechanical power. 
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Production reactor. A nuclear reac- 
tor designed primarily for large-scale 
production of transmutation products. 


Prompt gamma. Gamma radiation 
emitted at time of fission of a nucleus. 


Prompt-critical. Being in the condi- 
tion of a nuclear reactor that is critical 
(effective multiplication constant = 1) 
because of prompt neutrons alone with- 
out requiring the contribution of delayed 
neutrons. If a reactor is super- 
critical on prompt neutrons, the reac- 
tion rate will rise rapidly because the 
time required for the average neutron 
cycle is extremely short. A reactor in 
this condition is very difficult to con- 
trol. (See Delayed-critical.) 


Rabbit. A small container propelled, 
usually pneumatically or hydraulically, 
through a tube in a nuclear reactor for 
exposing substances experimentally to 
the radiation and neutron flux of 
the active used for rapid 
removal of samples containing atoms 
with very short half-lives. Sometimes 
called shuttle. 


section, 


Reaction rate. The rate at which 
fission takes place in a nuclear reactor, 
most fundamentally expressed as a 
number of nuclei undergoing fission per 
unit time. In any given reactor, these 
quantities are approximately propor- 
tional to average neutron flux and the 
quantity of fuel in the reactor. 


Reflector. A layer or structure of 
material surrounding the core of a 
reactor to reduce the escape of neutrons. 


Regulating rod. A control rod in- 
tended to accomplish rapid, fine adjust- 
ment of the reactivity of a nuclear 
reactor. It usually is capable of 
moving much more rapidly than a shim 
rod but of inaking a smaller change in 
the reactor’s reactivity. Its rapid and 
sometimes continuous readjustment 
may be accomplished by a servo system. 
(See Control rod and Shim rod.) 
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Residual activity. Radioactivity 
maining in a substance or system at 
specified time after a period of deca 
In a nuclear reactor, the activity t} 
remains after reactor shut-down. 


Rod. A relatively long and slend 
body of material used in or in conjw 
tion with a nuclear reactor. It m 
contain fuel, absorber, or fertile mat 
rial or other material in which acti 
tion or transmutation is desired. (Ss 
Fuel rod and Control rod.) 


Safety rod. A control rod capable « 

shutting down a reactor very quick! 

in case of failure of the ordinary contr: 

system (e.g., regulating and shim rods 

Since it must be able to reduce th: 
reactor’s effective multiplication con- 
stant to much less than unity wher 
inserted, it is withdrawn almost con 

pletely during normal operation. (Sex 
Control rod and Scram.) 


Scram. Sudden shutting down of « 
nuclear reactor, usually by dropping o! 
safety rods. This may be arranged to 
occur automatically at a predetermined 
neutron flux or under other dangerous 
conditions, the reaching of which causes 
monitors to generate a scram signal. 


Self-absorption. Absorption of radi- 
ation in the body of material where it 
originates. It reduces the radiation 
level against which further shielding 
must be provided. 


Self-regulation. Stability of a nu- 
clear reactor in which deviation from 
a certain power level affects reactivity 
so as to tend to restore power to 
the previous level without interven- 
tion of the control system. (See 7'em- 
perature coefficient.) 


Shim rod. A control rod used for 
making occasional coarse adjustment 
in the reactivity of a nuclear reactor. 
It commonly moves more slowly than 
a regulating rod and, singly or as one of 
a group, is capable of making a greater 
total change in the reactivity. Its 
name is derived from analogy to a 
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chanical shim; a shim rod commonly 

positioned so that the reactor will be 
just critical (reactivity = 0, effective 

iltiplication constant = 1) when the 
regulating rod is near the middle of its 
range of travel. (See Control rod.) 
Shut-down procedure. Sequence of 
erations used for stopping the chain 
ction by the reactor to a 
critical 


Shutter. 1 
rbing material (e.g., 
ther material, depending on whether 
radiation is in- 
window or a 


bringing 
condition, 


\ movable plate of ab- 
boron, lead, or 
itrons or gamma 


iived) used to cover a 
eam hole when radiation is not desired. 

A thin shield made up of movable 
shutter-like elements, usually cadmium, 


sed to shut off a flow of slow neutrons 
Shuttle. See Rabbit 
Slow reactor. A nuclear reactor in 
hich s induced primarily by 
slow practical 
energy; so 
the same as 


fission 


neutrons. In 
thermal 
commonly 


cases, 
hese are of slow 
eactor means 


, 
rma eactlor. 


Slug. A lump of nuclear fuel, com- 

only in the form of a cylinder a few 
times as long as it is thick, to be inserted 
channels in the active 
Slugs commonly 
which see). 


nto holes or 
reactor. 
ire encased in gackets 


ittice of a 


Slurry reactor. A nuclear reactor 
having the fissionable material in a 
semi-fluid form, e.g., a slurry of par- 


ticles suspe nded in liquid. 


Source range (of reactor operation). 
Low-power range of operation in which 
the reactor is subcritical and its power 
lepends upon its multiplying the neu- 
tron flux from an added source. (See 





igi. « 


V ultiplication 


Specific power. Power produced per 
mit mass of fuel present. Specific 
power usually is based upon the fuel 
ictually present in the reactor but may 
be based upon the total investment, in- 
cluding fuel undergoing reprocessing. 


Split-flow reactor. A_ reactor in 
which the coolant enters at the center 
section and flows outward at both ends 


or vice versa, 
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Stability. As applied to a reactor, a 
tendency to hold a steady power level 
without action by the control system. 
(See Self-regulation and 
coefficient.) A stable control system is 
that holds the condition 
under its regulation at the desired level 


Te mn pe rature 


one process 


without drift or hunting. (See Ther- 
mal instability. 
Start-up procedure. Specific pro- 


cedure for bringing a given nuclear 
reactor Into operation at a desired power 
level. This may include establishing 
flow of coolant, starting reaction in the 
counter range, increasing reaction rate 
into the instrument range, approaching 
criticality and shifting from manual to 
automatic control, and leveling off at 
the required 
range, Instrument range, Power range 


power. See Counte? 


Stringer. A long structure occupy- 
ing a hole through the shield and some- 
times into the active section of a nuclear 
reactor, whose removal permits access 
for inserting experimental materials. 


Subcritical. Having effective multi- 
plication constant less than one so that 
a self-supporting chain reaction cannot 
be maintained. 


Supercritical. Having an effective 
multiplication constant greater than 
one so that the rate of reaction rises. 


Tamper. The reflector associated with 
a nuclear reactor. The term is used 
most often in connection with atomic 
bombs; the tamper’s inertia helps to 
delay the expansion of the fissionable 
material on explosion 


Temperature coefficient. One of a 
group of coefficients relating changes 
in reactivity of a nuclear reactor to 
changes in temperature of its 
ponents; the derivative of reactivity 
with respect to temperature. If the 
effect of these coefficients is negative so 
that a change in power level (hence in 
temperature) produces an _ opposite 
change in reactivity, the reactor may 
hold a nearly steady power level with 
very little further regulation. Cf. 
Self-regulation. 


com- 
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Thermal column. A “column” or 
large body of moderator, such as 
graphite, extending away from the 
active section of a nuclear reactor to 
provide near its other end, for experi- 
mental flux of thermal 
neutrons of high cadmium ratio, i.e., 
virgin and epithermal 


purposes, a 


containing few 
neutrons. 

Thermal inertia. Reciprocal of ther- 
mal response. 

Thermal instability. A positive tem- 
perature coefficient, especially in a com- 
ponent of low heat capacity. <A ther- 
mally unstable reactor tends to run 
away unless well controlled. (See Sta- 
bility and Temperature coefficient.) 


Thermal reactor. A nuclear reactor 
in which fission is induced primarily by 
neutrons of such energy that they are 
in substantial thermal equilibrium with 
the material of the Although 
most thermal reactors actually operate 
at a higher temperature, 0.025 electron 
volts (2,200 meters per second), which 
corresponds to the mean energy of 
neutrons in a Maxwellian distribution 
at 293° K, often is taken as a repre- 
sentative energy for thermal neutrons, 
A moderator is an essential element of 


core. 


a thermal reactor. 


Thermal response. Rate of tem- 
perature rise in a reactor operating at 
its rated power if no heat is withdrawn 
by cooling. The reciprocal of this rate 
is called thermal inertia. 


Thermal shield. Part of the shield 
around a nuclear reactor intended pri- 
marily to protect outer parts of the 
shield, usually concrete, from thermal 
damage. A thermal shield is likely to be 
a heavy metal wall, which will have 
considerable absorption for both gamma 





rays and slow neutrons and will ha 
high thermal conductivity so that t! 
heat generated within it can reach t} 
surface for removal. A thermal shir 
is likely to require a special flow 

coolant, which may or may not be t! 
same used in the active section. 


Transparent. Permitting the pas 
age of radiation or particles (opposite « 
opaque, which see). 


Tube conveyor. A _ passage in 
nuclear reactor for a rabbit or shuttl: 
(See Rabbit.) 


Virgin neutron flux. A flux of neu- 
trons that have suffered no collisions 
and therefore have lost none of the 
energy with which they were born. 


Window. 1. An aperture for the 
passage of particles or radiation, usually 
closed with a filter for restricting the 
kind transmitted, or the filter itself 
A typical example is a lead or bismuth 
window which admits neutrons to a 
biological hole but excludes gamma 
rays. 2. An energy range of relatively 
high transparency in the total neutron 
cross section of a material. Such win- 
dows arise from interference between 
potential and resonance scattering in 
elements of intermediate atomic weight 
and can be of importance in neutron 
shielding. 


Zero-power reactor. An experimental 
nuclear reactor operated at low neutron 
flux and at a power level so low that not 
only is no forced cooling required but 
also fission-product activity in the 
fuel is sufficiently low to allow the 
fuel to be handled after use without 
serious hazard. 








NUCLEONICS will publish selections from the remaining six sections of the 
Nuclear Energy Glossary as soon as the review committees make them available. 
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